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Abstract 
 The United Kingdom’s decision to leave the European Union has potential effects 
on the impacts of future trade between the United States and the United Kingdom. Import 
demand systems were created to develop a model that estimates imports, exports, ending 
stocks, prices, consumption and production for the UK cheese and butter market. Three 
scenarios are created to consider the estimated effects of Brexit on the UK, US, EU and 
rest of world dairy industry. Results are then compared to the baseline projections. The 
scenarios result in an increase in the UK cheese and butter price. They also suggest there 
is potential for an increase in cheese and butter imports from the US which could be 
beneficial for US producers.
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INTRODUCTION 
 The United Kingdom’s (UK) referendum on membership to stay in the European 
Union (EU) occurred on June 23, 2016 and resulted in British citizens voting to leave the 
Union. The EU is the UK’s largest trading partner which has the potential to significantly 
alter the future of UK trade with other countries. Agricultural communities voted in favor 
of Brexit (British exit from the EU), with support of 55% of voters from rural areas 
(CLA, 2017). Reasons for the agricultural communities’ desire to leave the EU include 
but are not limited to regulations, trade, immigration and subsidies (CLA, 2017).  Most 
voters in England and Wales voted to leave the EU while the majority of voters in 
Northern Ireland and Scotland voted to remain in the EU (CLA, 2017).  
 The process for exiting the European Union is defined in Article 50 of the Treaty 
on the European Union. The UK informed the EU of their intent to withdraw on March 
29
th
, 2017 which initiated the negotiations round of the withdrawal agreements. The UK 
can remain in the EU for two years following the notification. During this time the UK is 
still subject to the current EU trade arrangements. At the end of the two-year negotiation 
period, the UK will be forced to leave the EU, meaning a change in trade rules.   
The majority of current literature surrounding Brexit, has focused on 
macroeconomic effects in the UK and the EU.  This study focuses on the dairy industry 
and examines three scenarios of alternative assumptions on future trade relationships. 
None of these scenarios is likely to reflect the exact final set of trade relationships the UK 
establishes but they cover a range of plausible outcomes. The first scenario assumes there 
is a hard Brexit between the UK from the EU with no future trade agreement in place, 
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leading to the World Trade Organization Most Favored Nation (MFN) tariffs being 
applied to imports to the UK. The second scenario models a free trade agreement 
between the US and the UK. The third scenario also models a free trade agreement 
between the US and the UK but factors in additional CSQs (country specific tariff rate 
quota) between the EU, Australia and New Zealand. These scenarios were designed to 
estimate the effects that Brexit could have on future dairy trade between the US and the 
UK.  
Brexit has potential implications for agricultural trade between the UK and EU 
and between the UK, US and rest of the world. The objective of this study is to analyze 
the impact of Brexit on UK dairy trade to understand the impact Brexit could have on the 
US and UK dairy industry. A partial equilibrium model is created to project the future 
prices and trade of cheese and butter for the US, UK, EU and rest of the world. Other 
variables include milk production, dairy cow numbers, milk yield, consumption of cheese 
and butter, stocks and exports. The dairy industry is the focus of this study but there will 
be wider changes to other aspects of agriculture that were not analyzed.  
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LITERATURE REVIEW 
Future relationship between the UK and the EU 
Following the departure from the EU, the UK will form a new relationship with 
the EU and the rest of the world. Several opportunities exist for the UK to negotiate with 
the EU. This negotiation period was triggered on March 29, 2017, beginning a two-year 
period in which the parties will negotiate the terms for the UK departure from the 
European Union. If the UK fails to reach new trade agreements with the EU and other 
countries, then border tariffs will be set at the “most favored nation” level. This process is 
outlined in Figure 1.  Studies of Brexit identify five relationships the UK can form with 
the EU after Brexit, each with varying degrees of willingness from each member.  
Figure 1: Brexit Timeline 
 
Soft Brexit 
The first scenario involves the UK forming a customs union with the EU which 
would not differ significantly from the current relationship with the EU (Farmer Scientist 
Network, 2016). Members within a customs union have a common external tariff and 
products move freely between member countries. Existing tariff and quota levels on trade 
with third countries would remain in place. Trade could still be affected, as EU member 
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countries could create non-trade barriers that prevent imports from the UK based on 
health/environmental factors (Farmer Scientist Network, 2016). Member countries in the 
European Union enjoy trade agreements with five pluri-lateral regional agreements that 
cover over 50 countries (Agra Europe, 2016). As a result of the current relationship 
between the UK and EU, it could be politically challenging to form this relationship. The 
UK prime minister, Theresa May, has ruled out this approach. 
The Norway Model 
A less integrated option than the Customs Union would model a UK relationship 
with the EU after the Norway model. Norway is a part of the European Free Trade Area 
(EFTA) as well as the European Economic Area (EEA). Other countries that are included 
in the EFTA include Iceland, Liechtenstein and Switzerland. These countries are able to 
enjoy the free movement of labor, goods, services and capital without restrictions and 
barriers. Unlike EU member countries, they also have the ability to enter bilateral third-
country trade agreements (EFTA Bulletin, 2006). Euroskeptics from the UK could have 
concerns about this option because it would require the free movement of immigration, 
which was a factor in the initial decision to leave the European Union (Farmer Scientist 
Network, 2016). These same skeptics would likely not want to pursue this relationship 
because members are required to make financial contributions to the EU budget while 
accepting most of the EU laws and regulations. An advantage for Euroskeptics in the UK 
would be that this relationship does not require countries to participate in the security 
policy, common agricultural policy, justice affairs policies and the monetary union (Agra 
Europe, 2016). Norway’s contribution to the EU budget is about 83% of the current UK 
contributions and it does not have a voice in EU decision making (Dhingra & Sampson, 
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2016).  According to the report published by the Farmer Scientist Network, the Norway 
model would be the relationship sought the most by the EU (Farmer Scientist Network, 
2016), but it is unlikely to be favored by the UK. 
The Switzerland Model 
The third main relationship that the UK can establish with the EU is modeled after 
the relationship Switzerland has with the EU. Switzerland is a member of the EFTA but 
not a member of the EEA. As a result, Switzerland only has access to the EU market 
through bilateral agreements which cover a majority of trade (Agra Europe, 2016). The 
Farmer Scientist Network reports this covers over 20 important agreements and 100 that 
are less important (Farmer Scientist Network, 2016). Similar to the Norway model, it 
requires the free movement of labor which is unappealing to the Euroskeptics who 
favored Brexit. Similarly, Switzerland must make contributions to the EU budget and 
apply most EU laws and regulations (Agra Europe, 2016). Switzerland’s contribution to 
the EU budget is about 40% of the current UK contribution to the EU budget (Dhingra & 
Sampson, 2016) (Dhingra & Sampson, 2016). In a 2012 report published by the House of 
Commons Foreign Affairs Committee, when referring to the relationship of Norway and 
Switzerland with the EU the Committee said, it “would not be appropriate for the UK if it 
were to leave the EU. In both cases the non-EU country is obliged to adopt some or all of 
the body of EU Single Market law with no effective power to shape it.” (House of 
Commons Library, 2013).  
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A la carte with Free Trade Area 
The UK still has further options past a customs union and the Norway and 
Switzerland models.  According to several studies, a free trade agreement between the 
UK and the EU would most likely be the preferred option for the UK. However, this 
seems unlikely to be achieved due to several negative implications from the EU’s 
perspective. Several member countries of the EU have a large presence of Eurosceptic 
parties which favor their countries exit from the EU. According to the Public Opinion 
survey collected by the European Commission, EU citizens have lower trust in the EU 
than they did 10 years ago with only 40% of citizens having trust in the EU. The same 
survey also found EU citizens have lower trust in the national governments and 
parliaments than they did 10 years ago, with only 31% expressing such trust (European 
Commission, 2015).  The widespread dissatisfaction with the EU among the citizens does 
not create an incentive for the EU to make this process easy for the UK exit, for fear that 
other countries may follow suit. Although all of these examples are an option for the UK, 
given the current situation of Brexit, a unique “UK” approach will likely be the outcome.    
WTO Rules 
If the UK fails to make an agreement with the EU then the default option is to 
trade under the World Trade Organization (WTO) rules. This scenario will automatically 
occur if the UK does not reach an agreement with the EU after the two-year period. As of 
2016, the WTO has 164 members which participate in the trading rules (World Trade 
Organization, 2016). Members of the WTO generally are required to treat other countries 
equally when it comes to tariffs and other trade restrictions, under MFN rules. Countries 
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are only allowed to make deviations if they both enter free trade agreements or if they are 
trading with a developing country (Dhingra & Sampson, 2016).  Supporters of Brexit 
would be in favor of several features of this option. This scenario allows the UK to 
negotiate independent trade deals with other countries outside of the EU. The UK would 
not be required to contribute to the EU budget, or adopt EU policies and regulations 
(Dhingra & Sampson, 2016).  
The UK would face non-tariff trade challenges with the EU similar to other 
countries in the same position. For example, many US products are not able to be 
exported to the EU due to failures to meet current regulations and standards (Matthews, 
2015). In a 2015 report, Mathews concluded there is a trade-off between the level of 
access in the single market and freedom from regulations, budgetary issues and 
legislation of the EU.  Under this scenario the UK would not be able to continue 
benefiting from existing EU trade agreements with third countries. Continuing current 
quotas and trade relationships with these countries would be discriminatory under the 
WTO rules (Miller, 2013). The UK would need to create new FTA’s with countries it 
wishes to continue something resembling current trade relationships (Matthews, 2015). 
EU tariffs on UK imports following Brexit will place upward pressure on prices paid by 
consumers in EU countries. Producers in countries that export to the UK will face 
downward pressure on prices (Matthews, 2015).  These negative effects can be lessened 
if the final deal between the UK and EU prevented the re-introduction of tariffs. This is 
the first time a country has left the EU and it is very uncertain how the post Brexit 
relationship between the UK and EU will occur.  
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Impacts to Dairy Sector 
Implications of Brexit, for the dairy sector depend on the model adopted. It is 
likely dairy trade between the UK and EU will remain relatively similar if the future 
agreement is a FTA (AHDB, 2016). However, options that reimpose tariffs on UK-EU 
dairy trade can distort the future trade relationship.  
The current UK market is strongly integrated with Ireland, which imports large 
quantities of liquid milk from the UK and returns it after processing (AHDB, 2016). 
Brexit could interfere with such trade if tariffs are charged on UK milk exports to Ireland 
and Irish dairy product exports to the UK. Other similar trading relationships with the UK 
will likely become uneconomic as a result of Brexit. The UK imports a great deal of 
cheddar cheese from Ireland that would be difficult to source if trade were disrupted. The 
EU negotiators do not want the negotiations to finish with the UK still in the single 
market without obligations to membership. 
Macroeconomic Changes to the UK Economy  
Brexit has the potential to impact all sectors of the UK’s economy through 
changing trade patterns but also through an impact on flows of foreign direct investment 
(FDI) from other countries in the form of creating new businesses operations or acquiring 
domestic assets. There are many direct and indirect benefits from FDI including higher 
wages and technical advances, respectively (Dhingra , Ottaviano, Sampson, & Van 
Reenen, 2016). In 2014, The UK has increasingly relied on FDI from the US as opposed 
to from the EU. Between 2005 and 2014, the EU accounted for 44% of FDI flows into 
the UK while in 2014 alone, the US accounted for 55% of FDI flow into the UK (Webb 
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& Keep, 2016). The UK is seen as the most attractive country in Europe for FDI flow. 
The 2015 European attractiveness survey conducted by Ernst and Young found the UK 
had the highest amount of FDI projects with Germany as the second highest (Webb & 
Keep, 2016).  There are difficulties in estimating the total effects to FDI following Brexit 
but most studies show that Brexit will decrease FDI into the UK. Future investments and 
innovations in the dairy industry have the possibility to be affected by the decrease in 
FDI. FDI is a particular issue for dairy companies in the UK because the main dairy 
companies are foreign-owned. 
Brexit could also affect Gross Domestic Product (GDP) and immigration. 
Investment and trade are important factors in determining the GDP growth of a country. 
According to a study conducted by the OECD, Brexit will have negative impacts on the 
long run growth rate of the UK due to weaker innovation, technological progress and 
productivity (OECD, 2016). This study also found that reductions in skilled immigration 
will lower managerial quality which will also have a negative impact on GDP growth 
(OECD, 2016). A large number of studies have estimated the actual percentage impacts 
on GDPs. The OECD study found that long term reductions to GDP will reach 5% by 
2030 (OECD, 2016). Ebell, Hurst and Warren predicted a much smaller impact of Brexit 
on the GDP of the UK, at only a 2.7% reduction in 2030 (Ebell, Hurst, & Warren, 
Modelling the long-run economic impact of leaving the European Union , 2016). The 
HM Treasury has predicted even greater impacts of Brexit, estimating a decrease of 7.5% 
in UK GDP by 2030 (HM Government, 2016).  
In a separate study, Ebell and Warren take a variety of other variables into 
account in estimating the long run effects of the UK leaving the EU. They considered the 
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possibility that the UK would experience a small increase in productivity due to 
decreases in regulation. The study also factors in changes to immigration policy to allow 
increases in productivity. Both factors could decrease the long run loss to GDP (Ebell & 
Warren, 2016). 
Trade patterns are impacted significantly by movements in the exchange rate. 
Since Brexit, the pound has depreciated significantly against the US dollar. A review of 
the literature finds a majority of studies predicted the British pound would become more 
competitive with the Euro and dollar as a result of Brexit (Ebell & Warren, 2016). A 
weaker pound would reduce the cost to importers of UK goods, which should boost UK 
exports, all else equal (Ebell & Warren, 2016). UK products which did not compete on 
the world market from the UK now have the potential to become competitive. Likewise, a 
weaker pound raises the price in the UK of imported goods, benefiting UK producers but 
imposing higher costs on UK consumers. 
Rules of immigration to the UK are likely to change as a result of Brexit. The 
demand of migrant labor in the UK varies among the agricultural sector with vegetable 
production requiring the most and dairy requiring an average among other types of farms. 
Before EU immigration reforms in 2013, farm labor shortages were experienced (Farmer 
Scientist Network, 2016) 
Market Overview 
  Over the last ten years, on average the UK imported 75,050 tonnes of butter a 
year. Over this same time period, 50% of the imports of butter to the UK come from 
Ireland followed by New Zealand/Denmark/Netherlands contributing a total of 30% and 
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the remaining 20% from various countries (AHDB, 2016). The cheese import pattern is 
similar to that of butter. Over the last ten years, on average the UK imported 110,022 
tonnes of cheddar cheese a year. Much of cheddar cheese imports have been from Ireland 
with 76% of total imports followed by New Zealand, Denmark/Netherlands with 15% 
and the remaining 8% from other countries. The UK imports an even greater volume of 
specialty cheese which includes fresh cheeses, processed, grated/powdered, Edam and 
Brie (AHDB, 2016). Over the last ten years the UK imported on average 330,000 tonnes 
of specialty cheese a year. The majority of specialty cheese comes from France, followed 
by Germany and Ireland.  
 Prior to determining what dairy trade between the US and UK will look like in 
future years, it is crucial to understand the background and history of the market. Figure 2 
and Figure 3 show US dairy trade with the UK, EU and rest of world from 2000 to 2016. 
The US imports more dairy products from the EU than it exports to the EU. US dairy 
product exports to the EU averaged 23,809 tonnes while imports to the US averaged 
186,565 tonnes in 2000-2016.  The US experienced a large increase in exports to the EU 
between 2005 and 2009. The US also imports more total dairy products from the UK than 
it exports to the UK. US dairy products exported to the UK averaged 4,103 tonnes during 
2000-2016 while UK imports to the US averaged 7,293 tonnes. Current dairy trade with 
the UK is only a small fraction with total US dairy trade. The US and UK have not 
historically been major dairy trading partners. Between 2000-2014, the US exported less 
than one percent of total dairy products to the UK. During this same period only 1.5 
percent of US dairy imports came from the UK. This shows how small current dairy trade 
is between the US and the UK.  
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Figure 2: US World Dairy Trade 
 
 
Source: FAS GATS 
 
Figure 3: Total US Dairy Trade with the UK 
 
Source: FAS GATS 
 
0
500
1,000
1,500
2,000
2,500
2000 2002 2004 2006 2008 2010 2012 2014 2016
Th
o
u
sa
n
d
 m
e
tr
ic
 t
o
n
n
e
 
US Total World Dairy Trade  
ROW Exports ROW Imports
0
2
4
6
8
10
12
14
2000 2002 2004 2006 2008 2010 2012 2014 2016
Th
o
u
sa
n
d
 m
e
tr
ic
 t
o
n
n
e
 
Total Dairy Trade with the UK 
Exports from the US Imports to the US
13 
 
Figure 4: Total US Dairy Trade with the EU 
 
Source: FAS GATS 
 
In 2015, the United States exported a record $3.0 billion of agricultural, fish and 
forestry products to the United Kingdom (export.gov, 2016). US dairy exports to the UK 
in 2016 totaled $4.75 million, or less than .2% of total US agricultural exports, while US 
dairy imports from the UK totaled $89.2 million (FAS GATS, 2017). Dairy exports as 
well as poultry and red meat exports to the UK have traditionally experienced challenges 
due to heavy regulations imposed by the EU standards (GAIN Report, 2016). The US is 
the UK’s largest trading partner outside of the EU. The UK’s agricultural demand for US 
products is different than other countries because they demand consumer oriented food 
products unlike countries such as the Netherlands which demand bulk commodities 
(GAIN Report, 2015). The UK produces 77% of domestic total demand for milk which 
varies between each commodity ranging from about 60% for cheese and about 150% for 
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US dairy exports to the EU in 2015 reached $97 million, while US imports from 
the EU totaled $1.5 billion (FAS GATS, 2016). The largest importer of agricultural 
products in the world is the EU and the US is the second highest supplier of products 
behind Brazil (FAS, 2016). Over the last two decades, US exports to the EU increased by 
17 percent while EU exports to the US more than doubled. There are several factors that 
have prevented US exports to the EU which include both tariff and non-tariff import 
requirements. The EU also has preferential trade agreements with over 50 countries 
which give those countries an advantage over US products (European Commission, 
2017). EU demand for consumer-oriented products have fueled US agricultural exports 
over the last two decades while bulk commodities have significantly decreased (FAS, 
2016).  
It is important to understand the existing trade flows of dairy products from the 
US to the UK, EU and rest of world as well as the dairy products imported to the US 
from the UK, EU and the rest of the world. Table 1 shows the four main dairy products as 
a percentage of total dairy products exported from the US. Of these products, cheese is 
the main US export to the UK and EU, while WMP is the largest product exported to the 
rest of the world. The rest of the world exports of WMP and SMP make up about half of 
the total volume of US dairy exports to the world, while they only represent a small 
amount of exports to the UK and EU. Table 2 shows the same four main products as a 
percentage of imports to the US. The US imports a small amount of WMP, SMP and 
butter from the UK, EU and rest of the world. The majority of imports from the UK and 
EU are cheese, with less cheese coming from the EU. Slightly less than half of the dairy 
products imported to the US from the rest of the world are cheese. 
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Table 1: Percentages of Exports from the US 
  
 
UK 
  
  
 
EU 
  
  
 
ROW 
 
  
  WMP SMP Butter Cheese   WMP SMP Butter Cheese   WMP SMP Butter Cheese 
2000 0.07 0.22 0.00 15.27   8.15 3.26 0.37 21.14   16.51 16.41 1.52 9.36 
2001 0.20 0.34 0.00 12.45   3.61 1.78 0.19 14.43   17.17 17.09 0.57 9.36 
2002 0.04 0.56 0.01 12.58   4.67 2.99 0.28 17.96   14.05 13.93 0.49 10.18 
2003 0.05 0.00 1.24 10.35   0.82 3.96 1.73 16.72   19.82 19.72 1.81 9.11 
2004 0.31 0.40 0.00 23.42   11.19 38.99 0.59 12.41   28.83 27.89 1.05 7.64 
2005 0.29 3.51 0.84 27.97   10.35 6.04 1.11 18.88   31.51 31.43 0.88 6.56 
2006 1.42 0.00 0.83 37.44   2.44 18.13 0.63 6.91   28.15 27.60 1.00 6.98 
2007 0.54 0.03 8.22 40.70   1.39 9.09 29.95 12.36   23.34 22.92 3.60 9.01 
2008 8.24 1.16 10.74 40.56   1.70 15.67 11.06 13.69   31.01 30.47 7.04 10.40 
2009 0.00 5.47 1.86 41.33   0.36 3.12 1.90 14.68   23.48 23.43 2.67 10.28 
2010 0.36 0.13 0.00 23.16   3.67 3.83 11.75 10.13   25.52 25.44 3.73 11.53 
2011 0.51 0.00 0.00 19.21   0.63 3.03 25.94 10.53   26.89 26.83 3.87 13.91 
2012 0.07 0.58 0.21 18.21   0.20 4.27 5.72 9.56   26.48 26.43 2.75 15.49 
2013 1.20 0.32 0.32 48.12   1.12 7.93 20.18 17.67   27.56 27.44 4.49 15.70 
2014 <0.01 0.00 0.87 74.32   0.31 1.25 10.98 25.81   26.67 26.65 3.47 18.03 
2015 1.15 0.00 1.90 9.33   0.15 0.19 0.21 12.39   29.81 29.81 1.15 16.93 
2016 0.00 4.77 2.03 21.37   0.41 0.76 0.80 7.47   29.40 29.39 1.26 14.89 
Average  0.90 1.03 1.71 27.99   3.01 7.31 7.26 14.28   25.07 24.88 2.43 11.49 
Source: Author Calculations from FAS GATS 
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Table 2: Percentages of Imports to the US 
    UK         EU         ROW     
  WMP SMP Butter Cheese   WMP SMP Butter Cheese   WMP SMP Butter Cheese 
2000 0.41 0.22 0.21 47.26   0.42 0.10 0.37 56.07   1.19 0.74 3.07 42.57 
2001 0.00 0.00 0.30 73.24   0.06 0.04 2.13 63.45   1.01 0.78 7.62 44.52 
2002 0.00 0.00 0.24 75.37   0.23 0.08 0.73 62.76   1.27 1.23 3.29 47.11 
2003 0.00 0.13 0.37 69.97   0.50 0.02 0.81 61.84   1.48 0.28 2.82 44.02 
2004 0.10 0.00 0.34 67.95   0.28 0.05 2.30 62.93   1.65 0.13 4.81 43.49 
2005 0.00 0.04 0.68 71.45   0.29 0.06 1.05 64.35   2.65 0.25 3.36 39.70 
2006 0.00 0.00 0.97 90.08   0.56 0.03 1.23 71.51   3.16 0.16 3.42 41.60 
2007 0.16 0.00 1.20 94.46   2.08 0.01 1.50 71.78   4.45 0.35 3.20 39.95 
2008 1.48 0.00 0.57 93.24   2.78 0.14 1.63 58.53   4.19 0.15 3.05 36.51 
2009 0.00 0.00 0.54 92.78   2.57 <0.01 1.54 69.35   5.08 0.08 3.65 39.39 
2010 0.00 0.00 0.57 96.93   1.54 0.00 1.76 70.84   2.26 0.06 2.40 37.39 
2011 0.66 0.00 0.52 92.71   0.39 0.09 1.63 64.78   2.13 0.13 2.81 36.70 
2012 0.52 0.00 0.46 72.13   0.47 0.11 1.91 60.63   2.29 0.44 3.46 35.46 
2013 0.69 0.00 0.65 95.18   0.83 0.68 2.64 60.61   1.81 0.37 2.54 36.35 
2014 0.43 0.00 0.75 92.63   0.76 0.57 4.90 66.85   1.83 0.64 4.41 38.20 
2015 0.31 0.00 2.24 85.31   1.04 0.23 7.10 68.35   2.10 0.55 7.00 40.58 
2016 0.07 0.00 9.35 67.70   3.67 0.04 7.54 61.21   3.31 0.12 8.05 38.67 
Average 0.28 0.02 1.17 81.08   1.09 0.14 2.40 64.46   2.46 0.38 4.06 40.13 
Source: Author calculations from FAS GATS 
 
Previous Models  
Most current literature analyzes the impacts of Brexit at a macroeconomic level. 
The study completed by the UK Treasury (HM Treasury) used the NIESR NiGEM model 
to assess the effects of Brexit across the whole economy (HM Government, 2016). 
Kierzenkowski used the same world model to analyze the effects of Brexit across OECD 
countries (Kierzenkowski, Pain, Rusticelli, & Zwart, 2016). These studies analyzed the 
effects of Brexit under the Norway, Switzerland, and WTO scenario. Another article 
completed by Ebell and Warren also used the NIESR NiGEM model under the three trade 
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scenarios. They assumed varying optimistic and pessimistic effects of foreign direct 
investment and trade which results in different outcomes than the previous studies.  The 
EU Commission estimated the effects of Brexit on member countries under two scenarios 
which included a mild and severe scenario. This analysis used QUEST, a general 
equilibrium model (EC, 2016).   
Since the final trade agreement between the EU and UK has yet to be determined, 
current events can determine the likelihood of each scenario. A speech by Prime Minister 
Theresa May in October 2016, stated “it is not going to be a Norway model. It’s not 
going to be a Switzerland model” (May, 2016). This implies the future relationship 
between the UK and the EU will be different than current outside member relationships. 
In a 2016 study, Lawless and Morgenroth identify the unlikely possibility of a 
relationship other than a default WTO scenario and incorporate it into the model.  Current 
literature tends to assume a standard tariff rate across all products but they modeled a 
WTO scenario and applied over 5200 products to the default WTO tariff rate to access 
the impacts to EU member countries (Lawless & Morgenroth, 2016). The study found a 
large decrease to trade varying from 43% (Bulgaria) to 5% (Finland) with the largest 
decreases experienced in the agricultural sector (Lawless & Morgenroth, 2016). Due to 
the elastic price response and the high tariffs on agricultural products, the dairy, eggs and 
honey sector experience the largest estimated impacts to trade, with declines of up to 
68% with current EU members (Lawless & Morgenroth, 2016).  
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Historical Prices 
  The world market has traditionally not been an appealing place for US dairy 
products. Before 2000, returns to US dairy exports generally were not competitive with 
selling to the domestic market. Since 2000, world dairy product prices have increased as 
rising incomes have resulted in rapid increases in dairy product consumption in many 
countries. Dairy product prices in the US and world markets have converged, making the 
US more competitive in global dairy markets. The European Union in the past relied on 
export subsidies to compete in world markets (Vitaliano, 2016). However, these export 
subsidies began to be eliminated after the Uruguay Round Agreement and the last year 
the EU used direct government assistance to export dairy products was in 2009 
(Vitaliano, 2016). Throughout this time New Zealand and Australia, which together make 
the world price, benefited from rising global dairy demand and prices and increased their 
dairy exports in the absence of government subsidies (Vitaliano, 2016). 
Combined, the US, Oceania and the EU account for 75% of global dairy exports. 
During 2010-2014, Oceania dominated with 33% of global dairy trade followed by the 
EU with 26% and the US with 16%. While the UK was not a significant global dairy 
exporter, it is important to note it is included in the large dairy exports of the EU 
(Vitaliano, 2016). The future relationship of the UK with the EU and other trading 
partners will be important because historical trade patterns could be disrupted, which 
potentially could change the quantity of dairy products exported from the EU on the 
world market.  
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Table 3: Historical Cheese and Butter Prices 
  
 
Butter 
 
  
 
Cheese 
 
  
  US UK EU Oceania US UK EU Oceania 
2000 1714.74 1865.80 1947.03 1204.17 1670.66 3300.00 2697.56 1835.42 
2001 2546.83 1895.50 1984.15 1293.25 2203.23 3300.00 2753.03 2119.42 
2002 1626.77 1829.20 1876.31 1055.92 1738.95 3233.30 2620.44 1690.17 
2003 1546.04 2036.70 2090.05 1353.09 1778.62 3007.00 2058.29 1863.83 
2004 2187.35 1947.50 2027.87 1788.08 1985.88 2515.00 2058.13 2611.08 
2005 1877.53 1911.70 1881.89 2128.08 1810.12 2080.80 2054.48 2837.58 
2006 1481.42 1746.91 1720.56 1773.67 1483.99 1966.36 1952.44 2680.83 
2007 1507.47 2314.57 2226.42 2938.46 1936.76 2426.70 2118.28 4022.12 
2008 1754.62 2130.84 2142.39 3649.04 2225.52 2816.19 2757.14 4680.77 
2009 1758.67 2357.99 2131.25 2348.08 1834.23 2516.23 2156.66 2957.69 
2010 2465.41 3091.56 2844.85 4045.19 2134.98 2720.38 2461.96 4006.73 
2011 2698.56 3459.15 2879.56 4484.62 2484.79 2920.32 2491.99 4319.48 
2012 2229.85 2566.00 2483.56 3318.27 2361.64 2905.72 2752.81 3823.08 
2013 2194.75 3421.24 3278.98 4014.50 2486.47 3251.50 3110.57 4381.00 
2014 2895.04 2740.42 3111.18 3752.88 2825.38 2929.60 2951.39 4474.04 
2015 3012.56 2192.33 2192.98 3182.69 2322.38 2255.79 2248.37 3336.06 
Average  2093.60 2344.21 2301.19 2645.62 2080.23 2759.06 2452.72 3227.46 
Source: FAPRI Global Modeling System 
 
Consumption  
Consumption patterns of dairy products are important in determining the domestic 
demand for products which also factor into the export potential. A 2006 study found the 
milk price will change 3% - 4% under a 1% change in the aggregate domestic demand of 
milk (FAPRI, 2006).  
 The two dairy products used in this study are butter and cheese. They represent a 
large percentage of trade between the US, UK and EU. Due to issues of data availability 
for SMP and WMP, these commodities are not specifically included in the model. Over 
the last five years, the UK imported an annual average of 6,627 tonnes of WMP and 
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SMP, 72,006 tonnes per year for cheese and 34,562 per year for butter.  Liquid products 
such as buttermilk and cream only represent a minuscule amount of international trade 
due to the perishable and bulky nature of the products which make them costly to ship 
(USDA ERS, 2016).  Cheese and butter have historically been the leading internationally 
traded products. Other products such as whey, casein and ice cream are excluded from 
this model. The OECD does not include data for world or regional prices of fresh dairy 
products (OECD, 2016). A review of literature determined there are challenges in 
locating a world price for fresh dairy products such as yogurt and ice cream which 
resulted in excluding them from the model.   
Non-Tariff Trade Barriers 
Many of the trade benefits the UK enjoyed through the EU will no longer be 
continued after Brexit. These trade benefits extend past individual commodity tariff 
levels to other factors that affect the prices and quantities of trade. One of these factors is 
trade facilitation costs which are an example of non-tariff measures that impact trade. The 
World Trade Organization defines trade facilitation as “the simplification and 
harmonization of international trade procedures” which cover the “activities practices and 
formalities involved in collecting, presenting, communicating and processing data 
required for the movement of goods in international trade” (OECD, 2005). Trade 
facilitation incorporates border measures such as customs procedures and supplying 
documents to relevant authority. There are also many indirect costs included in trade 
facilitation such as procedural delays, regulations and practices’ and lost business 
opportunities (Berden, Francois, Thelle, Wymenga, & Tamminen, 2007).  
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According to a report published by the OECD, the UK will experience an increase 
in trade facilitation costs after Brexit due to increases in administrative costs associated 
with customs controls, rules of origin obligations and conformity assessments (OECD, 
2016). These can be costly to the dairy industry due to the quick perishable nature of 
dairy products. Surveys have found that the costs of trade facilitation vary from 2% to 
15% of the traded good value (OECD, 2005). The effects of Brexit on these costs are 
uncertain, so the focus of the study is on the impacts of conventional trade barriers such 
as tariffs and quotas.  
The EU has specific milk quality requirements for imports into the single market. 
Milk imported to the EU has a maximum somatic cell count requirement of 400,000 
cells/mL while the US has a maximum allowance of 750,000 cells/mL (AMS, 2012). 
This is a barrier for US dairy producers because many dairy farmers exceed the EU 
requirement. After Brexit, the UK will have direct control over the somatic cell count and 
changing the maximum level could decrease the negative effects of this trade barrier. 
Genetically modified organisms (GMOs) have also been viewed as a trade barrier for 
dairy imports into the EU. Biotech products are only allowed to be sold in the EU if the 
trait has been approved by the substantial approval process. Consumers and policy 
makers in the EU have historically viewed GMOs in a more negative view than 
consumers and policymakers in the US (Carlarne, 2007). Additionally, conversations are 
being held at the EU level to allow individual country members to ban the use of GMOs 
in the agricultural industry all together (European Commission, 2017).  
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MODEL 
In this model, equations are introduced for the UK’s import demand of butter and 
cheese. Macro variables include price conversions between USD and the Euro, 
population, real GDP and UK dairy product consumption.  
Figure 5: UK Model 
 
 
Data are collected from 1990-2016 with the exception for US and EU prices 
which start in 2000 from the FAS, FAPRI data files and the EU commission.  Historical 
trade quantities are determined from the FAS Global Agricultural Trade System (GATS). 
Macro data for population and the GDP deflator are collected from the FAPRI data series 
which use the HIS Global Insight to make their projections. All of the data have been 
converted into the ₤/tonnes. Shipping costs for cheese and butter are included in the 
model. These data are derived from the OECD maritime transport costs, where the 
original data covers the period from 1993-2007. Three shipping trade routes were 
23 
 
considered for imports into the UK, including from the EU to UK, US to UK and rest of 
world to UK. The OECD maritime transport cost represents the costs at the 2 digit HS 
level, and the 04 commodity level is used for this model. The EU costs represent 
transport costs from continental Europe. 
Policy Data 
The EU places import tariffs on the majority of dairy products which discourage 
dairy products from being imported into the EU. Specific tariffs are normally tied to the 
total weight or the lactic matter weight of a product. The EU has preferential import 
quotas for cheese and butter from New Zealand, Switzerland, Norway and the Ukraine. 
The EU further restricts imports of dairy products through geographical indicators which 
place strict manufacturing and naming rules on products (AHDB, 2016). 
Due to the timeline of the Brexit process explained earlier in the paper, the 
scenario changes in the model begin during 2020. This accounts for the negotiation and 
implementation period of the future trade relationships between the UK and its partners.  
The projections are made through 2025. The tariff data for imports into the UK are based 
from the European Commission’s Integrated Tariff of the European Union (TARIC). The 
tariffs in the model are based on the ERGA OMNES MFN category with butter from the 
HS code 0405101120 and a tariff of 1553.616 ₤/metric tonne. The tariff for cheese is 
from the HS code 04069001 which is “other cheese, for processing” with a tariff of 
1370.22 £/metric tonne.  
  The TRQ/CSQ information also comes from the European Commission’s 
Integrated Tariff of the European Union (TARIC) as well as the European Commission’s 
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Milk Market Observatory. This model assumes the UK will continue to have TRQs/CSQs 
with 3
rd
 countries after Brexit. The TRQ value is derived from the historical imports and 
exports of butter, specialty cheese and cheddar cheese over the last ten years.  
Equations  
The volume imported under TRQs/CSQs is based on an identity: 
 =CSQ*CSQfill rate 
The CSQ fill rate is the percentage of the CSQ that is actually filled based on the 
allocated amount.  
CSQrate fill = (MIN(1,(UKprice-(Pricex + Shipping)/100 
Historical cheese and butter price data were examined in constructing this 
equation. The price difference between the UK and EU cheese and butter averaged 
around 100 £/tonnes. The equation suggests that the fill rate increases by one percentage 
point for each £/tonnes increase in the UK price relative to the EU price, provided the UK 
price is between £100 and £200 per tonnes above the EU price. In no case can the fill rate 
exceed 100%.  This trigger term does not include the tariff because the amount under the 
TRQ is tariff free. 
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Figure 7: Butter Prices in the UK and EU 
 
 
Figure 8: Cheese Prices in the UK and EU 
 
 
The models in this study are from existing FAPRI and collaborating institutions. 
The model system solves for the market clearing prices, where supply equals demand, 
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while linked to the UK dairy model, International Dairy, US Dairy, Irish dairy and EU-26 
models. In general, the model uses an iterative process to find the price of each 
commodity in each country that results in a balance between total supply (production plus 
beginning stocks and imports) and total demand (domestic consumption plus exports and 
ending stocks). The Irish model is the exception to this rule, where Irish prices are a 
function of EU and UK prices and trade is determined as the market-clearing identity. 
This allows prices to move differently in each region but given substitution relationships 
built into the model, in the long run, prices in different countries will tend to move 
together under current policies. 
The import demand equations that were developed for this thesis take these pre-
existing models and replace UK dairy trade equations to focus on the effects of Brexit. 
The UK model is linked to the Irish model and the EU-26 model. From the UK model, 
UK prices and consumption flows into the UK butter and cheese import demand 
equations. The butter and cheese import demand equations sends butter and cheese 
imports back into the UK dairy model. The EU-26 dairy model sends prices from the EU 
into the UK butter and cheese import demand equations. The EU-26 dairy model and the 
world dairy model are connected by the EU dairy supply and use which flows between 
the two. The world dairy model sends Oceania prices to the UK butter and cheese import 
demand equations. The world dairy model is also linked to the US dairy model. The US 
dairy model sends US prices back to the UK butter and cheese import demand equations 
while these equations send US butter and cheese exports to the US dairy model. 
The entire FAPRI agricultural modeling system was not used for this analysis. 
Pre-testing suggested that impacts of dairy sector shocks on markets for other 
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commodities would be proportionally small. Focusing on the dairy sector simplifies the 
analysis without seriously prejudicing the results.   
Endogenous data 
Import Demand Equations  
Figure 9: Import Demand Equations 
 
 
For each of the regions there is an equation that is structured like that in Figure 9. 
The first step is to determine the TRQ fill rate which then determines the quantity of 
imports under the TRQ. This model assumes there are no in quota tariffs. The first 
equation represents how much is imported under the TRQ and any additional imports.  
Then equation 2 determines the US share of the non-TRQ imports. Similarly, Equation 3 
determines the rest of the world imports as a share of the non-US, non-TRQ imports. 
Finally, Equation 4 is an identity which determines the EU share residually. 
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Butter 
UK Total butter imports (1) 
=f(UK_BTR_TRQT +  UK_BTR_PR/WD_BTR_PRPT +  MAX(0, UK_P_BTR-
EU_P_BTR) +  MAX(0, UK_P_BTR-US_P_BTR) +  MAX(0, UK_P_BTR-
RW_P_BTR) + UK_BTR_QC+ Intercept) 
The total UK butter import demand is based on several factors including the total 
volume imported under the TRQ for butter into the UK and the ratio of UK and world 
butter prices. This volume will be imported regardless of the price because it is set under 
the TRQ.  The next three terms increase UK imports when UK prices exceed EU, US and 
ROW export prices, respectively. Next, there is a UK minimum import price ratio and 
trigger terms including a UK/EU trigger term in increase imports of butter, a UK/rest of 
world trigger term to increase imports of butter and a UK/US regional share term to 
increase imports of butter. Finally, the UK butter consumption is included as well as an 
intercept.  
Share of UK butter imports from US (2) 
X1 = f(UK_BTR_CSQU/UK_BTR_NT + MAX(0, UK_P_BTR-US_P_BTR) +  
UK_BTR_NSU (-1)  
The share of UK butter imports from the US depends on the ratio of US CSQ 
butter imports to total imports and a term that increases the US share when UK butter 
prices exceed US butter prices. A lag term is also included to allow shares to adjust more 
in the long run than in the short run.  
X2 = 1-(UK_BTR_CSQE/UK_BTR_NT+UK_BTR_CSQR/UK_BTR_NT)) 
MIN(X1, X2) 
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  The model is constrained to ensure that total UK imports of U.S. butter never 
exceeds total imports minus TRQ imports from the EU and ROW. 
Share of UK butter imports from ROW (3) 
X1=f(UK_BTR_CSQR/UK_BTR_NT + MAX(0, UK_P_BTR-RW_P_BTR) +  
UK_BTR_NSR) 
The share of UK butter imports from the ROW depends on the ratio of ROW 
CSQ butter imports to total imports and a term that increases the ROW share when UK 
butter prices exceed ROW butter prices. A lag term is also included to allow shares to 
adjust more in the long run than in the short run.  
X2=1-
(UK_BTR_CSQE/UK_BTR_NT+UK_BTR_CSQU/UK_BTR_NT+UK_BTR_NSU)) 
MIN(X1, X2) 
The model is constrained to ensure that total UK imports of ROW butter never 
exceeds total imports minus TRQ imports from the EU and U 
Share of UK butter imports from EU (4) 
= f(1-UK_BTR_NSU-UK_BTR_NSR) 
The share of UK butter imports from the EU is based on the difference of the 
share of butter imports from the US and the share of butter imports from the rest of the 
world. This import demand equation is an identity based on the import demand equations 
of imports from the rest of the world and imports from the US.  
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UK Butter Imports from US (5)  
= UK_BTR_NSU* UK_BTR_NT 
The butter imports from the US are an identity equal to total butter imports to the 
UK multiplied by the share of UK butter imports from the US.  
UK Butter Imports from ROW (6) 
 = UK_BTR_NSR* UK_BTR_NT 
The UK butter imports from the rest of the world are an identity equal to total 
butter imports to the UK multiplied by the share of the UK butter imports from the rest of 
the world. 
UK Butter Imports from EU (7) 
 = UK_BTR_NSE* UK_BTR_NT 
Finally, the UK butter imports from the EU are an identity of total butter imports 
to the UK and the share of the UK butter imports from the EU. 
Regional Share Terms 
MAX(0, UK_P_BTR-EU_P_BTR) 
 This is the UK/EU regional share term to increase imports. The butter price term 
in this equation includes the EU price of butter, the shipping cost from the EU and the 
tariff that EU pays into the UK. In the model if this term is zero then the price difference 
between the UK and EU is not large enough to trigger EU imports into the EU. If there 
are results greater than zero then the EU price is smaller than the UK price and imports 
from the EU will be triggered.  
MAX(0, UK_P_BTR-US_P_BTR) 
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This is the UK/US regional share term to increase imports. The butter price term 
in this equation includes the US price of butter, the shipping cost from the US and the 
tariff the US pays into the UK. In the model if this term is zero then the price difference 
between the UK and US is not large enough to trigger US imports into the US. If there 
are results greater than zero then the US price is smaller than the UK price and imports 
from the US will be triggered. 
MAX(0, UK_P_BTR-RW_P_BTR) 
This is the UK/rest of world regional share term to increase imports. The butter 
price term in this equation includes the rest of world price of butter, the shipping cost 
from the rest of world and the tariff the rest of world pays into the rest of world. In the 
model if this term is zero then the price difference between the UK and rest of world is 
not large enough to trigger rest of world imports into the rest of world. If there are results 
greater than zero then the rest of world price is smaller than the rest of world price and 
imports from the rest of world will be triggered. 
MAX(0, UK_P_CH-EU_P_CH) 
 This is the UK/EU regional share term to increase imports. The cheese price term 
in this equation includes the EU price of cheese, the shipping cost from the EU and the 
tariff that EU pays into the UK. In the model if this term is zero then the price difference 
between the UK and EU is not large enough to trigger EU imports into the EU. If there 
are results greater than zero then the EU price is smaller than the UK price and imports 
from the EU will be triggered.  
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MAX(0, UK_P_CH-US_P_CH) 
This is the UK/US regional share term to increase imports. The cheese price term 
in this equation includes the US price of cheese, the shipping cost from the US and the 
tariff the US pays into the UK. In the model if this term is zero then the price difference 
between the UK and US is not large enough to trigger US imports into the US. If there 
are results greater than zero then the US price is smaller than the UK price and imports 
from the US will be triggered. 
MAX(0, UK_P_CH-RW_P_CH) 
This is the UK/rest of world regional share term to increase imports. The cheese 
price term in this equation includes the rest of world price of cheese, the shipping cost 
from the rest of world and the tariff the rest of world pays into the rest of world. In the 
model if this term is zero then the price difference between the UK and rest of world is 
not large enough to trigger rest of world imports into the rest of world. If there are results 
greater than zero then the rest of world price is smaller than the rest of world price and 
imports from the rest of world will be triggered. 
 
Cheese 
 The construction for equations 8-14 are the same as the butter equations.  
UK Total Cheese Imports (8) 
=f(UK_CH_TRQT + UK_CH_PR/WD_CH_PRPT + MAX(0, UK_P_CH-EU_P_CH) + 
MAX(0, UK_P_CH-US_P_CH) + MAX(0, UK_P_CH-RW_P_CH) + UK_CH_QC + 
intercept)  
 
Share of UK Cheese Imports from US (9)  
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X1=f (βUK_CH_CSQU/UK_CH_NT + β MAX(0, UK_P_CH-US_P_CH) + 
βUK_CH_NSU (-1)  
X2=MIN (Sum, 1-(UK_CH_CSQE/UK_CH_NT+UK_CH_CSQR/UK_CH_NT)) 
MIN(X1, X2) 
 
Share of UK Cheese imports from Rest of World (10)  
X1= f (UK_CH_CSQR/UK_CH_NT + MAX (0, UK_P_CH-RW_P_CH) + 
UK_CH_NSR )  
X2=MIN (Sum, 1-
(UK_CH_CSQE/UK_CH_NT+UK_CH_CSQR/UK_CH_NT+UK_CH_NSU)) 
MIN(X1, X2) 
 
Share of Cheese imports from EU (11) 
=f(1-UK_CH_NSU-UK_CH_NSR) 
  
UK Cheese Imports from US (12) 
= UK_CH_NSU* UK_CH_NT 
 
UK Cheese Imports from Rest of World (13) 
=UK_CH_NSR*UK_CH_NT 
 
UK Cheese Imports from EU (14) 
=UK_CH_NSE*UK_CH_NT 
.   
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Table 4: Definition of Variables  
 
 
 
Symbol Definition Equation
MAX(0, UK_P_BTR-EU_P_BTR) UK/EU trigger term to increase imports of butter 1
MAX(0, UK_P_BTR-RW_P_BTR) UK/Rest of world trigger term to increase imports of butter 1
MAX(0, UK_P_BTR-RW_P_BTR) UK/ROW trigger term 3
MAX(0, UK_P_BTR-US_P_BTR) UK/US trigger term to increase imports of butter 1
MAX(0, UK_P_BTR-US_P_BTR) UK/US trigger term for butter 2
MAX(0, UK_P_CH-EU_P_CH) UK/EU trigger term to increase imports oh cheese 8
MAX(0, UK_P_CH-RW_P_CH) UK/Rest of world trigger term to increase imports of cheese 8, 10
MAX(0, UK_P_CH-US_P_CH) UK/US trigger term to increase imports of cheese 8, 9
UK_BTR_CSQE Butter imported to the UK from EU under CSQ 2
UK_BTR_CSQR Butter imported to the UK from rest of world under CSQ 2
UK_BTR_CSQR/UK_BTR_NT Rest of world CSQ imports/import total 3
UK_BTR_CSQU Butter imported to the UK from US under CSQ 2, 3
UK_BTR_CSQU/UK_BTR_NT US CSQ imports/import total 2
UK_BTR_NSE Share of butter imports from EU 6, 7
UK_BTR_NSR Lag (share of imports from rest of world) 3
UK_BTR_NSR Share of butter imports from ROW 4
UK_BTR_NSU Share of butter imports from US 4, 5
UK_BTR_NSU Share of UK butter imports from US 1
UK_BTR_NSU (-1) Lag (share of butter imports from US) 2
UK_BTR_NT UK total butter imports 2
UK_BTR_NT Total butter imports UK 5, 6, 7
UK_BTR_PR/WD_BTR_PRPT UK, minimum import price ratio 1
UK_BTR_TRQT Butter imported under TRQ 1
UK_CH_CSQE Cheese imported to the UK from EU under CSQ 9, 10
UK_CH_CSQR Cheese imported to the UK from rest of the world under CSQ 10
UK_CH_CSQU Cheese imported to the UK from US under CSQ 9
UK_CH_CSQU/UK_CH_NT US CSQ imports/import total 9
UK_CH_NSE Share of cheese imports from EU 14
UK_CH_NSR Share of cheese imports from rest of world 10, 11
UK_CH_NSR Share of cheese imports from rest of world 13
UK_CH_NSU Share of cheese imports from US 10, 11
UK_CH_NSU (-1) Lag (share of cheese imports form US) 9
UK_CH_NT UK total cheese imports 9, 10
UK_CH_NT UK Total cheese imports 12
UK_CH_PR/WD_CH_PRPT UK, Minimum import price ratio 9
UK_CH_QC UK cheese consumption 8
UK_CH_TRQT Cheese imported under TRQ 8
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Model Parameters 
 The coefficients and elasticities are determined from a variety of sources which 
include economic theory, analyst judgment, literature and time series data. Econometric 
estimation is challenging in many aspects of this model due to the limited data 
availability and often times it is impractical. Other issues arise due to the lack of current 
trade between the US and the UK which makes choosing elasticities challenging. The 
model parameters are displayed in Figure 10.  The equation for TRQ/CSQ imports of 
butter and the equations for TRQ/CSQ imports of cheese to the UK have a coefficient of 
1 to ensure they move proportionally, all else equal. The CSQ imports/import total for the 
share of UK butter imports from the US and rest of world are 1. The CSQ imports/import 
total for the share of UK cheese imports from the US and rest of world are also 1 because 
they move proportionally. The elasticity for the UK minimum import price ratio for 
cheese and butter is small in the short term and was determined from analyst judgement.  
  In the UK total import equations, the coefficient for the UK butter consumption 
is 0.102 and the coefficient for the UK cheese consumption is 0.052. These parameters 
suggest that a fraction of any marginal change in consumer demand will be satisfied by 
imports, even before considering price impacts. The UK minimum import price ratio for 
cheese has a coefficient of 102.22 which is based from the five year average of imports of 
cheese to the UK, the UK cheese price over the minimum of non-UK prices and the 
assumed short run elasticity. This is a response in imports in relation to the changes in the 
ratio of domestic prices and other price. This allows a situation where even though UK 
dairy products are cheaper compared to other competitor prices then there would still be 
trade that occurs. Similarly, the UK minimum import price for butter has a coefficient of 
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19.518 which is based from the five year average of imports of butter to the UK, the UK 
butter price over the minimum of non-UK prices and the short run elasticity. The lag 
terms for the share of butter and cheese imports from the rest of world and the US are 0.2, 
implying that the long-run response to a change in incentives is 25% (1/(1-0.2)-1) larger 
than the short-run response. This dynamic response can reflect the time it takes for 
markets to fully adjust.to changes in price signals.   
 The coefficients for the three trigger terms to increase imports from the EU, rest 
of world and US to the UK each have the same coefficient in the total butter import 
equations. A £1 per tonnes increase in the gap between UK prices and prices from any 
one of the exporters would increase UK butter imports by 0.2 thousand tonnes. Because 
cheese trade is larger, it is assumed that the corresponding change in cheese trade is 0.5 
thousand tonnes, except in the US case. The US trigger term in the cheese import 
equation has a smaller coefficient of 0.1, reflecting the assumption that US cheese is a 
less perfect substitute for UK cheese. It is challenging to estimate this due to challenges 
in data availability. In the future, it would be beneficial to speak with dairy industry 
leaders to determine if current US production facilities would be able to change to 
produce cheese that the UK demands.   The Economic and Social Research Institute 
estimate the import demand trade elasticity for the agri-food sector as a whole should be -
6.1 which means it is elastic and there would be a large change in trade whenever there is 
even a modest change in the relative prices of UK and imported cheese (Lawless & 
Morgenroth, 2016). 
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Figure 10: Model Parameters  
 
 
Coefficient Cheese Elasticity
Cheese TRQ/CSQ imports UK
1 UK_CH_TRQT
Total cheese imports UK
1 UK_CH_TRQT
102.22 UK_CH_PR/WD_CH_PRPT 0.2
0.5 MAX(0, UK_P_CH-EU_P_CH)
0.5 MAX(0, UK_P_CH-US_P_CH)
0.1 MAX(0, UK_P_CH-RW_P_CH)
0.052 UK_CH_QC 0.2
100 Intercept
Share of UK cheese imports from U.S.
1 UK_CH_CSQU/UK_CH_NT
0.001 MAX(0, UK_P_CH-US_P_CH)
0.2 UK_CH_NSU (-1)
Share of UK cheese imports from ROW
1 UK_CH_CSQR/UK_CH_NT
1 MAX(0, UK_P_CH-RW_P_CH)
0.2 UK_CH_NSR
Butter
Butter TRQ/CSQ imports UK
1 UK_BTR_TRQT
Total butter imports UK
1 UK_BTR_TRQT
19.518 UK_BTR_PR/WD_BTR_PRPT 0.2
0.2 MAX(0, UK_P_BTR-EU_P_BTR)
0.2 MAX(0, UK_P_BTR-US_P_BTR)
0.2 MAX(0, UK_P_BTR-RW_P_BTR)
0.051 UK_BTR_QC 0.2
12 Intercept
Share of UK butter imports from U.S.
1 UK_BTR_CSQU/UK_BTR_NT
1 MAX(0, UK_P_BTR-US_P_BTR)
0.2 UK_BTR_NSU (-1)
Share of UK butter imports from ROW
1 UK_BTR_CSQR/UK_BTR_NT
1 MAX(0, UK_P_BTR-RW_P_BTR)
0.2 UK_BTR_NSR
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SCENARIOS 
In order to estimate the effects of Brexit on the UK dairy industry it is important 
to identify the potential trade outcomes and the likelihood of those situations. As 
described in the literature review, Brexit negotiations could lead to very different sets of 
trading rules. The new trade regime is assumed to take effect in 2020 to allow time for 
the final negotiations to be completed and new policies to be implemented. These 
scenarios only consider changes to the dairy sector and do not consider impacts on other 
agricultural commodities or on the macroeconomy.  
 
Scenario 1: World Trade Organization Default 
 If the UK does not reach an agreement at the end of the two-year negotiation 
period, then trade will revert back to the WTO trade guideline which sets MFN tariffs on 
imports. These tariffs are equal to the tariffs the EU currently places on imports outside 
of TRQs. The scenario assumes that the MFN tariffs for cheese and butter will be applied 
on all imports to the UK from the EU. This scenario would arise only if no other free 
trade agreements were made between the UK and other countries or regions.   
Scenario 2: UK –US Free Trade Agreement  
 Under this scenario the US and the UK negotiate a free trade agreement for dairy 
products. Although this may not be the most likely situation, recent talks between the two 
countries leaders have led speculation about a future FTA. This would be the best option 
for the US because it would have improved access into a market that is protected with 
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high tariffs. Within this scenario, the MFN tariff rates between the EU and UK will still 
be applied. The tariff rates for butter and cheese between the US and UK are set to zero.  
Scenario 3: UK-US Free Trade Agreement with expanded TRQ/CSQ access for 
Australia, New Zealand and the EU 
 This scenario expands from scenario 2 and it adds increases to CSQs for 
Australia, New Zealand and the EU. In reality, scenario 2 is unrealistic because the 
likelihood the UK will only negotiate a new trade deal with one country. This scenario is 
more realistic because it allows the UK and the US to have a Free Trade Agreement but 
also factors in more than one trade agreement. Similar to scenario 2 there are zero tariffs 
between the US and UK, MFN tariff rates between the UK and the EU and an increase of 
CSQ for Australia, New Zealand and the EU. The new CSQ is added to the “rest of 
world” variable and the EU variable in the model. The CSQ for Australia, New Zealand 
and the EU was determined from an average of the cheese and butter imports to the UK 
over the last ten years. The new CSQ for the rest of the world is 100,000 tonnes for 
cheese and 20,000 tonnes for butter.  
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Table 5: Summary of Scenarios  
Scenario 1 Scenario 2 Scenario 3 
World Trade Organization 
Default 
UK –US Free Trade 
Agreement 
UK-US Free Trade 
Agreement with expanded 
TRQ/CSQ access for 
Australia, EU and New 
Zealand 
UK leaves the EU and no 
trade arrangements have 
been made 
US and UK negotiate a 
FTA, zero tariffs on imports 
to UK from US 
US and UK negotiate a 
FTA, zero tariffs on imports 
to UK from US 
WTO MFN tariff rates 
applied to EU imports 
WTO MFN tariff rates 
applied to EU imports 
WTO MFN tariff rates 
applied to EU imports 
  CSQ of 20,000 tonnes 
added to rest of world 
variable for butter 
  CSQ of 100,000 tonnes 
added to rest of world 
variable for cheese 
 
 
 
 
 
 
 
 
 
 
 
 
 
41 
 
RESULTS 
 This Brexit model is forecasted until 2025. The baseline results for butter and 
cheese prices are shown in Table 6. Prices continue to remain stable through 2018 
followed by an almost proportional decline in butter and cheese price in the UK, US, EU 
and Oceania. Table 7 shows the baseline results for Butter and Cheese imports to the UK. 
Overall, imports to the UK from the EU, US and Oceania remain relatively constant over 
the projection period, with butter imports slightly increasing from the EU. The changes in 
the scenarios did not occur until 2020, so the charts in the scenario sections do not 
include 2017-2019. The units for all of the charts in the results section are pounds/tonne. 
 
 
 
 
Table 6: Baseline Projections for Prices  
 
 
 
 
Prices
2020 2021 2022 2023 2024 2025
Cheese Price
UK 2579.4 2478.2 2459.0 2465.2 2468.0 2472.8
EU 2581.2 2506.9 2480.5 2477.2 2480.5 2510.4
US 2615.5 2443.8 2350.9 2300.4 2276.9 2264.4
Oceania 2635.9 2504.4 2460.1 2425.4 2369.7 2393.8
Butter Price 
UK 2541.1 2472.4 2456.2 2443.0 2433.6 2426.5
EU 2490.3 2408.2 2385.6 2366.8 2351.9 2340.1
US 2865.6 2696.7 2607.3 2526.2 2462.1 2399.3
Oceania 2499.4 2322.8 2227.7 2180.9 2153.1 2143.5
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Table 7: Baseline Projections for UK Dairy Markets  
 
 
Scenario 1: 
 Scenario 1 examines the impacts of assuming current UK dairy trade relationships 
are replaced with the default WTO MFN tariffs. The estimated price changes are 
displayed in Table 8. The largest effects to prices in scenario 1 are experienced in the UK 
market with the UK cheese price rising the most followed by the UK butter price. Cheese 
and butter prices in the rest of the EU decline because of the loss of the UK market. 
There are only slight changes to US and Oceania prices when compared to the baseline.  
 
 
 
UK Cheese Imports
2020 2021 2022 2023 2024 2025
Production 478.7 455.7 440.6 433.6 430.4 429.8
Imports 534.8 522.8 524.5 537.3 546.3 554.2
From the EU 525.5 513.7 515.4 528.1 537.1 544.9
From the US 0.0 0.0 0.0 0.0 0.1 0.2
From the ROW 9.3 9.1 9.1 9.1 9.1 9.1
Consumption 779.8 791.9 799.6 805.7 811.8 817.7
Exports 233.3 186.4 165.5 165.1 164.9 166.3
Stocks 20.9 21.1 21.2 21.2 21.2 21.2
UK Butter Imports
2020 2021 2022 2023 2024 2025
Production 135.7 133.1 132.1 131.2 130.6 130.1
Imports 103.7 106.6 108.0 109.4 110.6 111.6
From the EU 100.1 103.1 104.5 105.8 107.0 108.0
From the US 0.0 0.0 0.0 0.0 0.0 0.0
From the ROW 3.5 3.5 3.5 3.6 3.6 3.6
Consumption 186.9 189.7 191.1 192.5 193.8 195.0
Exports 52.3 50.0 48.9 48.1 47.3 46.7
Stocks 1.4 1.5 1.5 1.5 1.6 1.6
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Table 8: Scenario 1 Changes in Cheese and Butter Prices 
 
The estimated changes in butter and cheese imports to the UK under the MFN 
scenario are displayed in Table 9. The introduction of a MFN tariff for imports to the UK 
from the EU significantly affects the prices and imports to the UK. The new MFN tariff 
on imports from the EU are paid for by the EU (exporter), which makes imports from the 
EU less competitive due to the higher cost. In 2025, cheese imports from the EU decline 
from 544,900 tonnes in the baseline to 236,000 tonnes under the scenario. Both the 
quantity of cheese and butter imports decrease from the EU but cheese imports are not as 
effected from the MFN tariffs as butter. Cheese imports to the UK from the EU only 
reduced by 56% in year 2025 while butter imports from the UK reduced by 67%. This is 
due to the heterogeneity of cheese which is expressed through the various demands for 
specialty cheeses. Specialty cheeses have specific requirements for country of origin 
manufacturing and consumers are less concerned about the price. Butter prices were more 
affected in the EU than cheese due to the continued demand of EU specialty cheeses. 
Complete changes to UK, US, EU and rest of world cheese and butter statistics for 
scenario 1 are included in table 1 in the appendix.  
Prices
2020 2021 2022 2023 2024 2025
Cheese Price
UK 29.08% 29.97% 32.46% 33.94% 32.84% 33.89%
EU -1.19% -1.65% -1.64% -1.67% -1.61% -1.59%
US -0.01% 0.01% -0.03% -0.03% -0.01% 0.00%
Oceania -0.44% -0.46% -0.39% -0.37% -0.38% -0.37%
Butter Price 
UK 16.12% 15.34% 13.55% 13.40% 14.94% 16.32%
EU -1.07% -3.40% -2.36% -2.35% -2.44% -2.52%
US -0.15% -0.04% -0.05% -0.01% 0.01% 0.03%
Oceania -0.59% 0.26% -0.09% -0.08% -0.02% -0.01%
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As UK prices increase relative to world prices, UK butter and cheese exports 
decreased significantly with exports of cheese reducing by 90% and exports of butter 
reducing by 99% in 2025. The projections also estimate ending stocks are reduced by 7% 
for cheese and 26% for butter in 2025. There are still small UK cheese exports due to the 
demand of specialty cheeses that are only produced in the UK. The estimated changes in 
domestic milk production under the MFN scenario are displayed in Table 10. The 
increases in UK cheese, butter and milk prices also have a positive impact on domestic 
milk production experienced through an increase in yields and the number of cows. The 
changes to butter and cheese price in the US and the EU are not substantial enough to 
significantly change the domestic milk production.  
Table 9: UK Cheese and Butter Markets, Changes from Baseline under Scenario 1 
 
 
 
UK Cheese Imports
2020 2021 2022 2023 2024 2025
Production 59.3 92.3 108.6 117.2 116.2 117.1
Imports -301.1 -287.8 -286.6 -296.9 -305.7 -308.7
From the EU -300.2 -288.0 -286.9 -297.2 -305.9 -308.8
From the US 0.2 0.3 0.3 0.3 0.2 0.1
From the ROW -1.1 -0.2 0.0 0.0 0.0 0.0
Consumption -34.2 -35.7 -38.6 -40.4 -39.6 -40.9
Exports -206.3 -159.9 -139.3 -139.3 -150.0 -150.6
Stocks -1.3 -1.3 -1.4 -1.4 -1.4 -1.4
UK Butter Imports
2020 2021 2022 2023 2024 2025
Production 10.3 13.7 14.2 14.8 15.6 16.3
Imports -65.1 -67.9 -69.5 -70.8 -71.7 -72.6
From the EU -64.7 -67.9 -69.6 -70.8 -71.8 -72.6
From the US 0.0 0.0 0.0 0.0 0.0 0.0
From the ROW -0.4 0.0 0.1 0.0 0.0 0.0
Consumption -9.1 -8.8 -7.9 -7.9 -8.8 -9.6
Exports -45.2 -45.3 -47.4 -48.0 -47.3 -46.7
Stocks -0.4 -0.4 -0.4 -0.3 -0.4 -0.4
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Table 10: Changes in Milk Production under Scenario 1  
 
Scenario 2:  
 Scenario 2 offers estimates of how prices and imports to the UK of cheese and 
butter will respond to a FTA between the US and UK. For countries other than the US, 
this scenario assumes the MFN tariff rates will be applied, as in scenario 1.  
The estimated changes in butter and cheese prices under the FTA between the US 
and the UK are displayed in table 11. This projects the UK cheese and butter price will 
also be the most impacted which is similar to scenario 1, although, the estimated price 
changes are smaller than in scenario 1, especially for the UK cheese price. This is due to 
the increase in imports from the US which is displayed in table 12. This scenario also 
shows an increase in the US cheese price which results from an increase in export 
demand from the UK. The US exports more cheese and butter to the UK under this 
scenario with a significantly larger amount of cheese. Even though the US is exporting 
more butter to the UK than it was previously, the US butter price is projected to slightly 
decrease. Milk production in the US increases which leads to an increase in butter and 
Domectic Production
2020 2021 2022 2023 2024 2025
Milk Production
UK 4.2% 7.3% 8.5% 9.2% 9.3% 9.4%
US 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
EU 0.4% 0.6% 0.7% 0.8% 0.8% 0.8%
Dairy Cow Numbers
UK 3.4% 6.3% 7.3% 7.9% 8.1% 8.2%
US 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
EU 0.3% 0.6% 0.7% 0.7% 0.7% 0.8%
Yield
UK 0.8% 1.0% 1.1% 1.1% 1.1% 1.1%
US 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
EU 0.0% 0.0% 0.0% 0.1% 0.0% 0.0%
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cheese production. Butter production in the US is estimated to increase more than the 
amount of butter exported to the UK. Cheese production also increases, although the 
increased production does not increase more than the increased cheese exports to the UK.  
Table 11: Scenario 2 Changes in Cheese and Butter Prices 
 
The estimated changes in butter and cheese imports to the UK/US FTA are 
displayed in table 12. The most significant changes under this scenario are the UK 
increase in imports of cheese and butter from the US. In 2025, UK cheese imports from 
the US increase from 0 during the baseline to 212,000 tonnes under the scenario. Most of 
this trade is likely to be in the form, of cheddar cheese because of the specific 
requirements of specialty cheese. On average from 2010-2016 the US exported 278,027 
tonnes of cheese a year (FAS GATS, 2016). During this same time period 43% of cheese 
exports were cheddar cheese, which means that an average of 119,672 tonnes of cheddar 
cheese was exported a year (FAS GATS, 2016). This justifies even though the estimated 
US exports to the UK is a large quantity it can still be realistic due to historical exports. 
The US can also export other types of processed or fresh cheeses which do not face the 
same restrictions and special requirements as the higher end specialty cheeses.  Butter 
Prices
2020 2021 2022 2023 2024 2025
Cheese Price
UK 22.02% 22.54% 22.48% 22.39% 22.72% 23.81%
EU -1.02% -1.34% -1.34% -1.31% -1.29% -1.28%
US 3.56% 3.96% 4.09% 4.23% 4.22% 3.88%
Oceania -0.74% -0.85% -0.84% -0.90% -0.98% -0.98%
Butter Price 
UK 15.86% 13.87% 12.57% 11.72% 11.03% 10.36%
EU -0.98% -2.13% -1.96% -1.82% -1.73% -1.66%
US -0.88% -1.60% -1.98% -2.11% -2.12% -1.94%
Oceania -0.53% -0.01% 0.02% 0.05% 0.08% 0.09%
47 
 
imports increased from the US, as the FTA makes US cheese competitive in the UK 
market. Average US butter exports from 2010-2016 totaled 45,979 tonnes a year which 
makes the estimate of 16,900 tonnes of butter in 2025 exported to the UK appear 
realistic. Even though the EU is projected to lose a large amount of their current export 
market, it will only fall by 44% in 2025. Complete changes to UK, US, EU and rest of 
world cheese and butter statistics for scenario 2 are included in the appendix of tables. 
Under scenario 2 the UK is also expected to adjust to the new increase in cheese and 
butter price by decreasing exports, consumption and ending stocks. The largest 
percentage decrease in this scenario is experienced by butter.  
Table 12: Absolute Changes in UK Cheese and Butter Markets under Scenario 2 
 
 
UK Cheese Imports
2020 2021 2022 2023 2024 2025
Production 43.23 68.70 76.32 78.40 79.38 81.89
Imports -238.73 -217.53 -208.90 -213.34 -216.82 -216.73
From the EU -323.56 -341.02 -365.63 -397.83 -421.15 -426.54
From the US 85.73 123.57 156.69 184.47 204.33 211.91
From the ROW -0.90 -0.09 0.04 0.01 0.00 -2.10
Consumption -26.80 -27.81 -28.02 -28.15 -28.74 -30.17
Exports -167.70 -121.04 -104.58 -106.80 -108.69 -104.62
Stocks -1.00 -0.98 -0.96 -0.96 -0.97 -1.01
UK Butter Imports
2020 2021 2022 2023 2024 2025
Production 9.17 11.28 11.43 11.24 11.09 11.10
Imports -60.18 -60.22 -51.65 -43.11 -36.79 -30.83
From the EU -59.85 -60.82 -55.39 -51.17 -49.16 -47.79
From the US 0.00 0.54 3.48 7.88 12.26 16.87
From the ROW -0.32 0.06 0.26 0.17 0.11 0.09
Consumption -8.99 -8.05 -7.41 -6.99 -6.64 -6.30
Exports -41.59 -40.96 -32.86 -24.91 -19.08 -13.46
Stocks -0.44 -0.37 -0.33 -0.30 -0.28 -0.26
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The estimated changes in domestic milk production under the MFN scenario are 
displayed in table 12. Similar to scenario 1, the largest changes to milk production will be 
experienced in the UK. This is due to the higher milk prices that farmers will receive due 
to the increased price of butter and cheese. Milk production in the US increased due to 
the higher price received for cheese. This was the largest increase in US milk production 
when compared to the other scenarios. Milk production in Europe was not significantly 
effected in this scenario. The UK is also projected to increase the production of cheese 
and butter which will contribute to the adjustment in prices. By 2025 cheese production 
in the UK will increase by 19% while butter production will increase by 8.5%.  
Table 13: Changes in Milk Production under Scenario 2 
 
Scenario 2: Sensitivity Analysis 
 The parameters and coefficients governing US trade in the equations are 
important to determining the outcomes of the model. These assumptions are as significant 
as the policy assumptions in the scenarios themselves. The assumptions in the model 
were created from a review of literature, estimation and analyst judgement. However, a 
Domectic Production
2020 2021 2022 2023 2024 2025
Milk Production
UK 3.23% 5.55% 6.18% 6.33% 6.38% 6.54%
US 0.16% 0.31% 0.43% 0.52% 0.59% 0.63%
EU 0.29% 0.46% 0.50% 0.50% 0.51% 0.52%
Dairy Cow Numbers
UK 2.64% 4.79% 5.37% 5.51% 5.56% 5.70%
US 0.07% 0.22% 0.36% 0.46% 0.54% 0.59%
EU 0.26% 0.43% 0.47% 0.48% 0.49% 0.51%
Yield
UK 0.57% 0.73% 0.77% 0.77% 0.78% 0.80%
US 0.09% 0.09% 0.07% 0.07% 0.06% 0.04%
EU 0.03% 0.03% 0.03% 0.02% 0.02% 0.01%
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sensitivity analysis was created to display the outcome of a change in the assumptions of 
variables can have on the overall results of the model.   
Changes in coefficients for cheese imports from the US to the UK were changed 
in scenario 2. The coefficient in the UK/US trigger term in the share of UK cheese 
imports from the US was changed from .001 to .005. The UK/US trigger term to increase 
imports into the UK was changed from .1 to .5 in the total cheese import equation. This 
increase allows for more cheese to be imported from the US. This new variable is 
constant with the variables for the rest of world and EU trigger term which originally was 
lower to account for the difficulty in importing US cheeses.  The quantity of cheese 
imports in 2025 from the US in Scenario 2 was 211,000 tonnes compared to the quantity 
of cheese imports in the sensitivity analysis of 283,800 tonnes. The projected price of US 
cheese also significantly increased from 3.8% in 2025 to 4.9%. Domestic production also 
increased in the sensitivity analyses, with increases in overall dairy cow numbers and 
milk yield.  
Table 14: Scenario 2 Changes in Cheese and Butter Prices under Sensitivity  
 
 
Prices
2020 2021 2022 2023 2024 2025
Cheese Price
UK 20.0% 18.7% 17.1% 16.0% 15.8% 16.2%
EU -1.1% -1.3% -1.2% -1.1% -1.0% -1.0%
US 8.1% 6.7% 5.5% 5.1% 4.8% 4.9%
Oceania -1.2% -1.2% -1.0% -1.1% -1.1% -1.1%
Butter Price 
UK 15.9% 13.6% 12.4% 11.6% 11.0% 10.4%
EU -0.9% -2.0% -1.8% -1.6% -1.5% -1.4%
US -1.8% -3.0% -3.4% -3.3% -3.2% -2.9%
Oceania -0.5% 0.1% 0.1% 0.1% 0.2% 0.2%
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Table 15: Absolute Changes in UK Cheese and Butter Markets under Sensitivity  
Analysis  
 
Table 16: Changes in Milk Production under Sensitivity Analysis  
 
 
 
UK Cheese Imports
2020 2021 2022 2023 2024 2025
Production 38.7 58.2 59.8 57.3 55.5 55.7
Imports -214.0 -165.6 -132.3 -120.3 -114.3 -106.1
From the EU -405.1 -388.4 -377.9 -381.9 -385.6 -387.8
From the US 191.9 224.9 247.7 263.7 273.5 283.8
From the ROW -0.8 -2.1 -2.1 -2.1 -2.1 -2.1
Consumption -24.6 -23.6 -21.9 -20.8 -20.7 -21.4
Exports -149.7 -83.9 -50.6 -42.3 -38.2 -29.0
Stocks -0.9 -0.8 -0.7 -0.7 -0.7 -0.7
UK Butter Imports
2020 2021 2022 2023 2024 2025
Production 8.9 10.4 10.1 9.5 9.1 8.9
Imports -60.0 -54.2 -45.1 -37.4 -31.7 -26.0
From the EU -59.7 -56.5 -51.6 -48.6 -47.4 -46.5
From the US 0.0 2.1 6.2 11.1 15.6 20.4
From the ROW -0.3 0.1 0.3 0.2 0.1 0.1
Consumption -9.0 -7.9 -7.3 -6.9 -6.6 -6.3
Exports -41.7 -36.0 -27.7 -21.0 -16.0 -10.9
Stocks -0.4 -0.4 -0.3 -0.3 -0.3 -0.3
Domectic Production
2020 2021 2022 2023 2024 2025
Milk Production
UK 2.95% 4.83% 5.00% 4.80% 4.62% 4.61%
US 0.36% 0.61% 0.73% 0.79% 0.83% 0.86%
EU 0.25% 0.39% 0.39% 0.36% 0.34% 0.34%
Dairy Cow Numbers
UK 2.42% 4.18% 4.37% 4.20% 4.05% 4.03%
US 0.15% 0.47% 0.64% 0.73% 0.78% 0.81%
EU 0.24% 0.37% 0.37% 0.35% 0.34% 0.34%
Yield
UK 0.52% 0.62% 0.61% 0.58% 0.56% 0.56%
US 0.21% 0.14% 0.09% 0.06% 0.05% 0.05%
EU 0.02% 0.02% 0.02% 0.01% 0.01% 0.00%
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Scenario 3:  
 Scenario 3 offers estimates of how prices and imports to the UK of butter and 
cheese will respond if the CSQs for New Zealand, Australia and the EU are increased. 
The increased CSQ is made through changes to the rest of the world category. The new 
CSQ for the rest of the world is 100 for cheese and 20 for butter which are based from 
historical import averages. This is the most realistic scenario because the UK is most 
likely to create new trade deals with more countries than only the US. The estimated 
changes in butter and cheese prices under scenario 3 are displayed in table 17. Similarly 
to the previous scenarios, scenario 3 also predicts an increase in the UK butter and cheese 
price. Although, the increases to the UK butter and cheese prices in this scenario are 
smaller than in the other two scenarios because imports are greater.  UK price is driven 
higher in the first years of the projection, until the market corrects itself with less exports 
and ending stocks. This coupled with increased domestic UK milk production causes 
prices to move closer down to the baseline projections later in the scenario years. The 
Oceania butter price slightly increases due to the increase in butter imports from the rest 
of the world. The Oceania cheese price slightly exceeds that in the other scenarios, but 
remains below baseline levels. The increased access to the UK market only partially 
offsets the effects of reduced total UK imports on the global cheese market. 
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Table 17: Scenario 3 Changes in Cheese and Butter Prices 
 
The estimated changes in butter and cheese imports to the UK under the increased 
CSQ with New Zealand, Australia and the EU are displayed in table 18. The most 
significant changes of imports to the UK in scenario 3 are the increase of imports from 
the rest of the world. This is due to the increase in CSQ from New Zealand and Australia. 
The imports of cheese from the rest of the world increased 10,600 tonnes under the 
scenario year in 2025. This scenario also estimates the smallest relative drop in EU 
imports to the UK even though there is still a significant decrease. Scenario 3 projects the 
largest amount of cheese and butter to be imported into the UK which drives down the 
domestic UK price. The estimates in this scenario also reflect the smallest reductions in 
consumption, exports and ending stocks in the UK which is due to the lower price of 
cheese and butter. Complete changes to UK, US, EU and rest of world cheese and butter 
statistics for scenario 3 are included in the appendix of tables. 
 
 
 
 
Prices
2020 2021 2022 2023 2024 2025
Cheese Price
UK 15.10% 16.13% 16.27% 16.17% 16.37% 17.43%
EU -0.70% -0.98% -1.01% -0.98% -0.94% -0.95%
US 2.31% 3.16% 3.68% 3.56% 2.98% 2.80%
Oceania -0.50% -0.65% -0.69% -0.72% -0.72% -0.74%
Butter Price 
UK 12.92% 11.47% 11.03% 10.19% 8.58% 6.94%
EU -0.77% -1.67% -1.61% -1.49% -1.31% -1.16%
US -0.60% -1.21% -1.73% -1.77% -1.79% -1.73%
Oceania -0.42% -0.01% 0.02% 0.03% 0.07% 0.11%
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Table 18: Changes in UK Cheese and Butter Markets under Scenario 3 
 
The estimated changes in domestic milk production under the increased CSQ with 
New Zealand and Australia are displayed in table 19. Similarly to the previous scenarios 
the most significant change in domestic milk production is experienced in the UK. This is 
due to the increase in butter and cheese prices in the UK. Scenario 3 projects the smallest 
increase to milk production in the UK, US and the EU as a result of the smallest increase 
in UK prices.  
 
 
 
 
 
 
UK Cheese Imports
2020 2021 2022 2023 2024 2025
Production 28.80 48.00 54.16 56.04 57.19 59.89
Imports -145.35 -123.57 -115.68 -119.51 -121.57 -122.23
From the EU -213.38 -233.20 -262.24 -281.65 -288.18 -293.47
From the US 55.84 94.32 130.66 151.52 155.99 160.61
From the ROW 12.18 15.31 15.90 10.62 10.62 10.63
Consumption -19.04 -20.57 -20.94 -20.98 -21.39 -22.81
Exports -96.83 -54.98 -40.58 -42.49 -42.99 -39.48
Stocks -0.69 -0.70 -0.70 -0.69 -0.70 -0.74
UK Butter Imports
2020 2021 2022 2023 2024 2025
Production 7.04 8.58 8.95 8.78 8.29 7.94
Imports -23.54 -25.87 -23.71 -15.50 -13.67 -11.99
From the EU -40.57 -46.49 -46.49 -43.42 -43.78 -43.98
From the US 0.00 0.00 1.25 5.96 8.45 10.42
From the ROW 17.03 20.62 21.53 21.96 21.65 21.57
Consumption -7.44 -6.75 -6.56 -6.13 -5.24 -4.30
Exports -8.70 -10.59 -8.22 -0.61 -0.19 0.20
Stocks -0.36 -0.31 -0.29 -0.26 -0.22 -0.18
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Table 19: Changes in Milk Production under Scenario 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Domectic Production
2020 2021 2022 2023 2024 2025
Milk Production
UK 2.24% 3.94% 4.47% 4.60% 4.63% 4.76%
US 0.10% 0.23% 0.34% 0.43% 0.47% 0.48%
EU 0.20% 0.32% 0.36% 0.36% 0.36% 0.38%
Dairy Cow Numbers
UK 1.83% 3.40% 3.89% 4.02% 4.05% 4.16%
US 0.04% 0.16% 0.27% 0.37% 0.43% 0.45%
EU 0.18% 0.31% 0.34% 0.35% 0.35% 0.37%
Yield
UK 0.40% 0.52% 0.56% 0.56% 0.56% 0.58%
US 0.06% 0.07% 0.07% 0.06% 0.04% 0.03%
EU 0.02% 0.02% 0.02% 0.01% 0.01% 0.01%
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CONCLUSIONS 
 The UK decision to leave the EU will result in changes in the current trade flows 
of the UK dairy industry. These changes will flow through to other markets as well, 
effecting the EU, US and rest of world dairy markets. The UK triggered Article 50 of the 
Treaty on the EU with the intent to withdraw on March 29
th
, 2017 which initiated a two-
year negotiation period. During this period, the UK and the EU will both seek to create a 
new trade deal that is the most individually beneficial. The UK will also likely create new 
relationships with other trading partners such as the US, New Zealand and Australia.  
Given this timeline it is unlikely changes to trade patterns will be made before 2020 
which is reflected into the model.  
 Previous research on the potential effects of Brexit focus on macroeconomic 
effects which are used in this model to estimate the impacts on the dairy industry. An 
economic model which includes UK import demand equations following Brexit is 
created. This is combined with FAPRI’s world dairy model, US dairy model, UK dairy 
model, EU dairy model and Ireland dairy model with projected values for population and 
GDP. This is used to estimate imports, exports, milk production, milk yield, dairy cow 
numbers, ending stocks, prices and consumption for cheese and butter. Two import 
demand systems were created to estimate these changes after Brexit. Lack of data about 
SMP and WMP limited this model to only include estimates for cheese and butter. Three 
scenarios were created with various combinations of tariffs and TRQs/CSQs to most 
accurately predict the UKs most likely future trade scenarios. These scenarios are then 
equated to the baseline projections and the results are deliberated. 
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  While there is limited evidence on the UK’s final trade relationships after Brexit, 
three scenarios were created based on historical and current discussion to best project 
these results. The first scenario which estimated the effects of a defaulted WTO MFN 
tariff rate between the UK and EU resulted in the most significant drop in imports to the 
UK which had the largest increase in UK prices. Scenario 2 estimates the impacts of a 
free trade agreement between the US and the UK which projects a significant increase in 
US exports of cheese and a modest increase in butter. The US will be able to supply the 
estimated increase in cheese and butter exports to the UK likely through redistribution of 
current exports and an increase in milk production. Scenario 3 estimated the impacts of 
an increased TRQ with the EU, New Zealand and Australia. This coupled with MFN 
tariff rates with the EU and free trade with the US is the most realistic scenario due to 
historical and current trade negotiations. This projected an increase of imports to the UK 
from the rest of the world for both cheese and butter. This scenario also had the smallest 
increase in UK butter and cheese prices. The results from these scenarios should be 
considered representative instead of definitive due to the likelihood of the exact future 
UK trade relationships. The UK is a net importer of dairy products which makes its prices 
more vulnerable to potential decreases in the availability of imports. The UK dairy 
producers would benefit from the increase in prices based on the projections. Although, 
the manufactures and consumers in the UK will have negative impacts due to the 
increased price of cheese and butter.  
 The UK is a large importer of dairy products and when it leaves the EU there will 
be opportunities for new trade sources. These potential opportunities depend on the result 
of the Brexit negotiations between the UK and EU as well as the potential agreements the 
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UK will make with other countries.  If there is a FTA between the US and UK like there 
is in scenario 2, then the US would be able to supply enough cheese and butter to the UK. 
Although, US cheese exports to the UK is dependent on cheese variety demand and non-
tariff trade barriers. These trade barriers include the use of genetically modified 
organisms or other production practices that are either affected by demand of consumers 
or through legal regulations. The UK will now have the ability to have more direct 
control over laws surrounding GMO’s which might allow easier access for US dairy 
products.  Cheese imports to the UK from the US will likely be limited to mainly cheddar 
or other types that are less geographical production specific such as processed mozzarella 
cheese for pizza.   
Shortcomings and Further Research 
 This study does not come without limitations due to the limited data and ability to 
predict future trade scenarios. As discussed above, WMP and SMP were excluded from 
the model due to inability to access data. If data were available on specific historical 
exports and imports of SMP and WMP by individual country and more accurate world 
prices were measured for these products then they would be included in the model. SMP 
and WMP are major contributing products in the overall dairy industry in the UK. The 
model also used the cheddar cheese price as a standard for the cheese price. In the future 
it would be beneficial to be able to access more specific cheese prices so specialty cheese 
and cheddar cheese imports to the UK can be more precisely measured.  
 This analysis of Brexit is undertaken using changes on only the dairy industry. 
This is a limitation because Brexit has the potential to affect all sectors of the agricultural 
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industry and the economy. The focus of this model was on the dairy industry and due to 
the uncertainty of the scope of changes from Brexit, it was decided to not change 
macroeconomic data. The emphasis of the results from this model are to show how the 
dairy industry in the US and UK will be effected by Brexit and the three scenarios cover 
the main potential changes to the dairy industry. Wider changes are important such as 
changes in immigration for dairy labor and feed and beef prices. These are likely to have 
an effect on the dairy industry which is likely small but a future model could incorporate 
these factors.  
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APPENDIX OF TABLES 
Table 20: Scenario 1 Cheese and Butter Markets Model Solution 
 
 
 
Model Solution 
UK Cheese 2020 2021 2022 2023 2024 2025
Production 538.0 548.0 549.2 550.8 546.7 546.9
Imports 233.7 234.9 238.0 240.4 240.6 245.5
From the EU 225.3 225.7 228.6 231.0 231.2 236.1
From the US 0.2 0.3 0.3 0.3 0.3 0.3
From the ROW 8.2 8.9 9.1 9.1 9.1 9.1
Consumption 745.6 756.2 761.1 765.4 772.3 776.7
Exports 27.0 26.4 26.1 25.8 15.0 15.7
Stocks 19.6 19.8 19.8 19.7 19.8 19.8
Butter Production 146.0 146.9 146.3 146.1 146.2 146.3
Imports 38.6 38.8 38.6 38.6 38.8 39.0
From the EU 35.4 35.2 35.0 35.0 35.2 35.4
From the US 0.0 0.0 0.0 0.0 0.0 0.0
From the ROW 3.2 3.5 3.6 3.6 3.6 3.6
Consumption 177.8 180.8 183.2 184.6 185.0 185.4
Exports 7.0 4.7 1.5 0.0 0.0 0.0
Stocks 0.9 1.1 1.2 1.2 1.2 1.2
US Cheese Production 5,838.0 5,927.2 6,016.2 6,097.7 6,180.2 6,265.5
Imports 152.6 153.8 154.9 156.1 157.3 158.4
Consumption 5,645.0 5,728.2 5,812.2 5,891.6 5,972.5 6,054.8
Exports 334.5 341.7 348.0 352.6 355.6 359.2
Stocks 573.5 584.5 595.4 605.0 614.4 624.3
Butter Production 925.5 942.9 954.8 970.3 988.6 1,007.4
Imports 15.1 15.1 15.8 16.5 17.1 17.8
Consumption 916.2 927.1 938.2 951.7 968.5 986.0
Exports 26.8 28.9 30.9 33.1 35.0 36.8
Stocks 71.6 73.6 75.1 77.1 79.4 81.8
EU Cheese Production 10,519.2 10,574.8 10,641.3 10,682.1 10,693.6 10,738.0
Imports 67.2 68.6 69.8 71.1 72.6 73.7
Consumption 9,781.6 9,880.7 9,964.7 10,035.9 10,106.8 10,157.0
Exports 802.4 760.6 745.2 716.4 658.6 654.2
Stocks 459.3 461.4 462.7 463.5 464.4 464.8
Butter Production 2,458.0 2,456.9 2,458.9 2,461.0 2,464.2 2,467.9
Imports 3.4 3.4 3.4 3.4 3.4 3.4
Consumption 2,217.6 2,236.7 2,236.0 2,239.7 2,243.1 2,246.3
Exports 242.4 221.0 224.8 223.4 223.2 223.7
Stocks 129.5 132.2 133.7 135.1 136.4 137.7
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Table 21: Scenario 1 Cheese and Butter Markets Absolute Changes  
 
 
 
 
 
 
 
 
 
 
Absolute Change
US
Cheese 2020 2021 2022 2023 2024 2025
Production -0.07 -0.17 0.11 0.00 -0.09 -0.11
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption 0.04 -0.03 0.11 0.09 0.03 0.01
Exports -0.11 -0.12 -0.06 -0.07 -0.10 -0.11
Stocks 0.00 -0.02 0.04 0.02 0.00 -0.01
Butter
Production -0.04 0.14 0.02 -0.02 -0.01 -0.03
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption 0.11 0.03 0.04 0.01 -0.01 -0.02
Exports -0.17 0.11 -0.01 -0.02 0.00 -0.01
Stocks 0.02 0.02 0.01 0.00 0.00 -0.01
EU
Cheese
Production 5.72 24.63 23.05 22.87 20.17 18.26
Imports -0.17 -0.27 -0.29 -0.29 -0.27 -0.26
Consumption -11.73 -4.04 -6.71 -7.59 -7.79 -9.35
Exports 18.11 28.07 29.50 30.20 27.67 27.40
Stocks -0.83 -0.50 -0.53 -0.57 -0.55 -0.61
Butter
Production 9.96 5.14 7.40 7.24 6.98 6.75
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption -4.11 7.31 3.20 3.20 2.78 2.39
Exports 14.07 -3.35 4.02 3.99 4.21 4.37
Stocks 0.00 1.18 1.37 1.42 1.42 1.41
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Table 22: Scenario 1 Cheese and Butter Markets Percentage Changes 
 
 
 
 
 
 
Percentage Change
UK Cheese 2020 2021 2022 2023 2024 2025
Production 12.38% 20.24% 24.65% 27.03% 27.00% 27.25%
Imports -56.29% -55.06% -54.64% -55.26% -55.96% -55.70%
From the EU -57.12% -56.06% -55.66% -56.27% -56.95% -56.67%
From the US
From the ROW -12.18% -1.94% -0.20% -0.32% -0.38% 0.04%
Consumption -4.38% -4.50% -4.82% -5.01% -4.87% -5.00%
Exports -88.41% -85.83% -84.22% -84.35% -90.93% -90.56%
Stocks -6.33% -6.17% -6.57% -6.84% -6.58% -6.75%
Butter Production 7.59% 10.30% 10.75% 11.28% 11.95% 12.50%
Imports -62.77% -63.65% -64.30% -64.69% -64.88% -65.03%
From the EU -64.63% -65.83% -66.56% -66.93% -67.10% -67.24%
From the US
From the ROW -10.17% 0.32% 2.56% 0.29% -0.05% -0.10%
Consumption -4.88% -4.66% -4.15% -4.11% -4.54% -4.92%
Exports -86.52% -90.68% -96.86% -99.96% -99.96% -99.96%
Stocks -32.05% -27.67% -23.58% -22.60% -24.52% -26.16%
US Cheese Production 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Exports -0.03% -0.03% -0.02% -0.02% -0.03% -0.03%
Stocks 0.00% 0.00% 0.01% 0.00% 0.00% 0.00%
Butter Production 0.00% 0.02% 0.00% 0.00% 0.00% 0.00%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption 0.01% 0.00% 0.00% 0.00% 0.00% 0.00%
Exports -0.62% 0.40% -0.03% -0.05% -0.01% -0.02%
Stocks 0.03% 0.03% 0.01% 0.00% 0.00% -0.01%
EU Cheese Production 0.05% 0.23% 0.22% 0.21% 0.19% 0.17%
Imports -0.26% -0.39% -0.41% -0.41% -0.37% -0.36%
Consumption -0.12% -0.04% -0.07% -0.08% -0.08% -0.09%
Exports 2.31% 3.83% 4.12% 4.40% 4.39% 4.37%
Stocks -0.18% -0.11% -0.12% -0.12% -0.12% -0.13%
Butter Production 0.41% 0.21% 0.30% 0.29% 0.28% 0.27%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption -0.18% 0.33% 0.14% 0.14% 0.12% 0.11%
Exports 6.16% -1.49% 1.82% 1.82% 1.92% 1.99%
Stocks 0.00% 0.90% 1.03% 1.06% 1.05% 1.04%
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Table 23: Scenario 2 Cheese and Butter Markets Model Solution 
 
 
 
Model Solution 
UK Cheese 2020 2021 2022 2023 2024 2025
Production 522.0 524.4 516.9 512.0 509.8 511.7
Imports 296.1 305.2 315.6 324.0 329.5 337.5
From the EU 202.0 172.6 149.8 130.3 115.9 118.4
From the US 85.7 123.6 156.7 184.5 204.4 212.1
From the ROW 8.4 9.0 9.1 9.1 9.1 7.0
Consumption 753.0 764.1 771.6 777.6 783.1 787.5
Exports 65.6 65.3 60.9 58.3 56.3 61.7
Stocks 19.9 20.1 20.2 20.2 20.3 20.2
Butter Production 144.9 144.4 143.5 142.5 141.7 141.2
Imports 43.5 46.4 56.4 66.3 73.8 80.8
From the EU 40.3 42.3 49.1 54.6 57.8 60.2
From the US 0.0 0.5 3.5 7.9 12.3 16.9
From the ROW 3.2 3.6 3.8 3.8 3.7 3.7
Consumption 177.9 181.6 183.7 185.5 187.1 188.7
Exports 10.7 9.1 16.1 23.2 28.3 33.3
Stocks 0.9 1.1 1.2 1.2 1.3 1.3
US Cheese Production 5,854.1 5,956.4 6,055.3 6,145.1 6,233.9 6,322.6
Imports 152.6 153.8 154.9 156.1 157.3 158.4
Consumption 5,637.2 5,720.3 5,804.5 5,884.1 5,965.5 6,048.9
Exports 358.7 377.2 393.4 406.4 415.3 421.4
Stocks 573.3 586.0 598.3 609.0 619.4 630.1
Butter Production 926.7 945.0 958.3 975.3 994.9 1,014.9
Imports 15.1 15.1 15.8 16.5 17.1 17.8
Consumption 916.7 928.2 939.7 953.3 970.1 987.5
Exports 27.2 29.7 32.8 36.3 39.5 42.7
Stocks 71.8 74.1 75.8 77.9 80.3 82.8
EU Cheese Production 10,512.1 10,559.9 10,628.2 10,666.3 10,677.2 10,721.9
Imports 67.3 68.8 70.0 71.3 72.8 73.9
Consumption 9,785.8 9,882.6 9,969.3 10,040.9 10,111.3 10,161.7
Exports 791.0 744.0 727.4 695.7 637.9 633.6
Stocks 459.5 461.6 462.9 463.8 464.6 465.0
Butter Production 2,456.7 2,458.2 2,457.0 2,458.7 2,461.8 2,465.6
Imports 3.4 3.4 3.4 3.4 3.4 3.4
Consumption 2,217.2 2,231.4 2,234.7 2,238.1 2,241.9 2,245.5
Exports 241.5 228.1 224.2 222.6 222.1 222.3
Stocks 129.5 131.7 133.3 134.7 136.0 137.3
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Table 24: Scenario 2 Cheese and Butter Markets Absolute Changes  
 
 
 
 
 
 
 
 
 
Absolute Change
US
Cheese 2020 2021 2022 2023 2024 2025
Production 16.10 29.03 39.23 47.44 53.66 56.95
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption -7.81 -8.00 -7.59 -7.39 -6.96 -5.88
Exports 24.12 35.37 45.35 53.68 59.66 62.09
Stocks -0.22 1.43 2.91 4.06 5.02 5.75
Butter
Production 1.06 2.25 3.54 4.99 6.30 7.42
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption 0.63 1.17 1.46 1.58 1.62 1.51
Exports 0.19 0.86 1.90 3.25 4.55 5.84
Stocks 0.24 0.46 0.64 0.79 0.91 0.99
EU
Cheese
Production -1.29 9.67 9.91 7.03 3.76 2.10
Imports -0.07 -0.11 -0.11 -0.09 -0.07 -0.07
Consumption -7.54 -2.21 -2.04 -2.56 -3.29 -4.67
Exports 6.77 11.52 11.77 9.49 7.01 6.75
Stocks -0.58 -0.33 -0.26 -0.26 -0.29 -0.34
Butter
Production 8.68 6.47 5.59 4.89 4.57 4.46
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption -4.43 1.97 1.85 1.61 1.51 1.53
Exports 13.15 3.78 3.45 3.20 3.06 2.96
Stocks -0.03 0.69 0.97 1.05 1.04 1.01
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Table 25: Scenario 2 Cheese and Butter Markets Percentage Changes 
 
 
Percentage Change
UK Cheese 2020 2021 2022 2023 2024 2025
Production 9.03% 15.08% 17.32% 18.08% 18.44% 19.05%
Imports -44.64% -41.61% -39.83% -39.71% -39.69% -39.11%
From the EU -61.57% -66.39% -70.93% -75.33% -78.41% -78.28%
From the US
From the ROW -9.66% -0.94% 0.42% 0.13% 0.03% -23.01%
Consumption -3.44% -3.51% -3.50% -3.49% -3.54% -3.69%
Exports -71.88% -64.95% -63.21% -64.67% -65.89% -62.91%
Stocks -4.79% -4.64% -4.55% -4.51% -4.55% -4.74%
Butter Production 6.75% 8.47% 8.65% 8.56% 8.49% 8.53%
Imports -58.04% -56.48% -47.81% -39.41% -33.27% -27.62%
From the EU -59.77% -58.99% -53.00% -48.38% -45.96% -44.25%
From the US
From the ROW -9.19% 1.65% 7.31% 4.84% 3.11% 2.39%
Consumption -4.81% -4.24% -3.87% -3.63% -3.43% -3.23%
Exports -79.58% -81.90% -67.17% -51.82% -40.31% -28.79%
Stocks -31.53% -25.01% -21.88% -19.77% -18.11% -16.61%
US Cheese Production 0.28% 0.49% 0.65% 0.78% 0.87% 0.91%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption -0.14% -0.14% -0.13% -0.13% -0.12% -0.10%
Exports 7.21% 10.35% 13.03% 15.22% 16.77% 17.28%
Stocks -0.04% 0.24% 0.49% 0.67% 0.82% 0.92%
Butter Production 0.11% 0.24% 0.37% 0.51% 0.64% 0.74%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption 0.07% 0.13% 0.16% 0.17% 0.17% 0.15%
Exports 0.70% 2.99% 6.16% 9.84% 13.03% 15.84%
Stocks 0.33% 0.63% 0.85% 1.03% 1.15% 1.20%
EU Cheese Production -0.01% 0.09% 0.09% 0.07% 0.04% 0.02%
Imports -0.10% -0.16% -0.16% -0.13% -0.09% -0.09%
Consumption -0.08% -0.02% -0.02% -0.03% -0.03% -0.05%
Exports 0.86% 1.57% 1.64% 1.38% 1.11% 1.08%
Stocks -0.13% -0.07% -0.06% -0.06% -0.06% -0.07%
Butter Production 0.35% 0.26% 0.23% 0.20% 0.19% 0.18%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption -0.20% 0.09% 0.08% 0.07% 0.07% 0.07%
Exports 5.76% 1.68% 1.56% 1.46% 1.40% 1.35%
Stocks -0.03% 0.53% 0.74% 0.79% 0.77% 0.74%
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Table 26: Scenario 2 Sensitivity Analysis:  Cheese and Butter Markets Model 
Solution 
 
 
 
 
Model Solution 
UK Cheese 2020 2021 2022 2023 2024 2025
Production 517.4 514.0 500.4 490.9 485.9 485.5
Imports 320.8 357.1 392.3 417.0 432.1 448.1
From the EU 120.4 125.2 137.5 146.2 151.5 157.1
From the US 191.9 224.9 247.7 263.8 273.6 284.0
From the ROW 8.5 7.0 7.0 7.0 7.0 7.0
Consumption 755.2 768.3 777.7 784.9 791.2 796.3
Exports 83.6 102.5 114.8 122.9 126.8 137.3
Stocks 20.0 20.3 20.4 20.5 20.6 20.6
Butter Production 144.6 143.5 142.1 140.8 139.7 139.0
Imports 43.7 52.4 62.9 72.0 78.9 85.6
From the EU 40.5 46.6 52.9 57.2 59.6 61.5
From the US 0.0 2.1 6.2 11.1 15.6 20.4
From the ROW 3.2 3.7 3.8 3.8 3.7 3.7
Consumption 177.9 181.8 183.8 185.6 187.2 188.7
Exports 10.6 14.0 21.2 27.1 31.3 35.9
Stocks 0.9 1.1 1.2 1.2 1.3 1.3
US Cheese Production 5,874.5 5,983.2 6,081.5 6,168.4 6,254.3 6,342.4
Imports 152.6 153.8 154.9 156.1 157.3 158.4
Consumption 5,627.7 5,715.5 5,803.0 5,883.9 5,965.6 6,047.9
Exports 388.8 406.6 420.3 429.9 435.9 442.7
Stocks 573.1 588.0 601.1 611.9 622.0 632.3
Butter Production 928.0 947.3 960.8 977.7 997.1 1,017.1
Imports 15.1 15.1 15.8 16.5 17.1 17.8
Consumption 917.4 929.2 940.7 954.2 970.9 988.3
Exports 27.6 30.8 34.2 37.8 41.0 44.1
Stocks 72.1 74.5 76.2 78.3 80.7 83.2
EU Cheese Production 10,505.5 10,553.2 10,621.8 10,659.3 10,670.2 10,714.6
Imports 67.4 68.9 70.0 71.3 72.9 74.0
Consumption 9,789.1 9,885.3 9,971.8 10,043.4 10,113.7 10,164.5
Exports 781.0 734.7 718.7 686.4 628.6 623.6
Stocks 459.6 461.7 463.1 464.0 464.8 465.2
Butter Production 2,456.7 2,457.4 2,455.8 2,457.1 2,460.1 2,463.9
Imports 3.4 3.4 3.4 3.4 3.4 3.4
Consumption 2,217.1 2,230.8 2,233.8 2,237.0 2,240.6 2,244.2
Exports 241.6 227.9 223.9 222.3 221.7 221.9
Stocks 129.5 131.7 133.2 134.6 135.8 137.1
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Table 27: Scenario 2 Sensitivity Analysis: Cheese and Butter Markets Absolute 
Changes  
 
 
 
 
 
 
 
 
 
Absolute Change
US
Cheese 2020 2021 2022 2023 2024 2025
Production 36.5 55.8 65.4 70.7 74.0 76.8
Imports 0.0 0.0 0.0 0.0 0.0 0.0
Consumption -17.2 -12.8 -9.2 -7.6 -6.9 -6.9
Exports 54.2 64.7 72.2 77.2 80.2 83.3
Stocks -0.5 3.4 5.8 6.9 7.6 8.0
Butter
Production 2.4 4.5 6.0 7.4 8.5 9.6
Imports 0.0 0.0 0.0 0.0 0.0 0.0
Consumption 1.3 2.2 2.5 2.5 2.4 2.3
Exports 0.6 2.0 3.3 4.7 6.0 7.3
Stocks 0.5 0.9 1.1 1.2 1.3 1.3
EU
Cheese
Production -7.9 3.0 3.6 0.1 -3.2 -5.2
Imports 0.0 0.0 0.0 0.0 0.0 0.0
Consumption -4.2 0.6 0.4 -0.1 -0.9 -1.9
Exports -3.2 2.2 3.0 0.2 -2.3 -3.2
Stocks -0.5 -0.2 -0.1 -0.1 -0.1 -0.2
Butter
Production 8.7 5.7 4.3 3.3 2.9 2.7
Imports 0.0 0.0 0.0 0.0 0.0 0.0
Consumption -4.6 1.4 0.9 0.5 0.3 0.2
Exports 13.3 3.6 3.1 2.8 2.7 2.5
Stocks 0.0 0.6 0.9 0.9 0.9 0.8
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Table 28: Scenario 2 Sensitivity Analysis: Cheese and Butter Markets Percentage 
Changes 
 
 
 
 
Percentage Change
UK Cheese 2020 2021 2022 2023 2024 2025
Production 8.08% 12.78% 13.57% 13.22% 12.89% 12.97%
Imports -40.01% -31.69% -25.21% -22.39% -20.92% -19.15%
From the EU -77.08% -75.62% -73.31% -72.32% -71.80% -71.17%
From the US
From the ROW -8.66% -22.69% -22.77% -23.10% -23.06% -23.01%
Consumption -3.16% -2.98% -2.74% -2.58% -2.55% -2.62%
Exports -64.18% -45.02% -30.61% -25.59% -23.13% -17.42%
Stocks -4.36% -3.86% -3.46% -3.23% -3.16% -3.24%
Butter Production 6.54% 7.79% 7.64% 7.25% 6.96% 6.83%
Imports -57.87% -50.82% -41.75% -34.16% -28.65% -23.31%
From the EU -59.59% -54.77% -49.38% -45.96% -44.29% -43.04%
From the US
From the ROW -9.15% 4.10% 7.60% 4.26% 2.61% 2.08%
Consumption -4.82% -4.16% -3.82% -3.59% -3.42% -3.23%
Exports -79.75% -71.99% -56.71% -43.62% -33.78% -23.21%
Stocks -31.60% -24.45% -21.58% -19.55% -18.04% -16.62%
US Cheese Production 0.63% 0.94% 1.09% 1.16% 1.20% 1.23%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption -0.31% -0.22% -0.16% -0.13% -0.12% -0.11%
Exports 16.19% 18.94% 20.74% 21.89% 22.56% 23.19%
Stocks -0.08% 0.58% 0.97% 1.15% 1.24% 1.28%
Butter Production 0.26% 0.48% 0.63% 0.76% 0.86% 0.95%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption 0.14% 0.24% 0.27% 0.26% 0.25% 0.23%
Exports 2.29% 6.81% 10.82% 14.35% 17.14% 19.76%
Stocks 0.72% 1.21% 1.45% 1.55% 1.60% 1.62%
EU Cheese Production -0.08% 0.03% 0.03% 0.00% -0.03% -0.05%
Imports 0.05% -0.03% -0.04% 0.00% 0.03% 0.04%
Consumption -0.04% 0.01% 0.00% 0.00% -0.01% -0.02%
Exports -0.41% 0.30% 0.42% 0.03% -0.36% -0.51%
Stocks -0.10% -0.04% -0.02% -0.02% -0.03% -0.04%
Butter Production 0.36% 0.23% 0.18% 0.14% 0.12% 0.11%
Imports 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Consumption -0.21% 0.06% 0.04% 0.02% 0.01% 0.01%
Exports 5.84% 1.59% 1.42% 1.29% 1.22% 1.16%
Stocks -0.04% 0.48% 0.65% 0.67% 0.64% 0.60%
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Table 29: Scenario 3 Cheese and Butter Markets Model Solution 
 
 
 
 
 
Model Solution 
UK Cheese 2020 2021 2022 2023 2024 2025
Production 507.5 503.7 494.8 489.6 487.6 489.7
Imports 389.5 399.2 408.9 417.8 424.8 432.0
From the EU 312.1 280.5 253.2 246.5 248.9 251.4
From the US 55.8 94.3 130.7 151.6 156.1 160.8
From the ROW 21.5 24.4 25.0 19.8 19.8 19.8
Consumption 760.8 771.3 778.7 784.7 790.4 794.9
Exports 136.5 131.4 124.9 122.6 122.0 126.8
Stocks 20.2 20.4 20.5 20.5 20.5 20.5
Butter Production 142.8 141.7 141.0 140.0 138.9 138.0
Imports 80.1 80.8 84.3 93.9 96.9 99.7
From the EU 59.6 56.6 58.0 62.3 63.2 64.0
From the US 0.0 0.0 1.3 6.0 8.5 10.4
From the ROW 20.6 24.1 25.0 25.6 25.3 25.2
Consumption 179.4 182.9 184.6 186.4 188.5 190.7
Exports 43.6 39.4 40.7 47.5 47.1 46.9
Stocks 1.0 1.2 1.2 1.3 1.3 1.4
US Cheese Production 5,848.5 5,948.8 6,047.9 6,136.6 6,222.1 6,309.0
Imports 152.6 153.8 154.9 156.1 157.3 158.4
Consumption 5,639.9 5,721.7 5,805.0 5,885.1 5,967.8 6,050.7
Exports 350.3 368.8 385.8 396.7 401.3 406.5
Stocks 573.4 585.4 597.5 608.2 618.5 628.8
Butter Production 926.3 944.3 957.4 974.3 993.3 1,012.6
Imports 15.1 15.1 15.8 16.5 17.1 17.8
Consumption 916.5 927.9 939.5 953.0 969.9 987.3
Exports 27.1 29.3 32.0 35.6 38.2 40.7
Stocks 71.8 73.9 75.6 77.8 80.1 82.6
EU Cheese Production 10,512.3 10,556.5 10,624.4 10,663.5 10,675.7 10,720.4
Imports 67.4 68.8 70.0 71.3 72.8 73.9
Consumption 9,787.6 9,882.9 9,969.9 10,041.6 10,111.8 10,162.3
Exports 789.2 740.4 723.1 692.3 635.9 631.6
Stocks 459.7 461.7 463.0 463.9 464.7 465.1
Butter Production 2,454.3 2,456.4 2,455.5 2,457.3 2,460.4 2,464.4
Imports 3.4 3.4 3.4 3.4 3.4 3.4
Consumption 2,217.8 2,230.5 2,233.9 2,237.4 2,241.3 2,245.1
Exports 238.5 227.3 223.6 222.0 221.3 221.5
Stocks 129.5 131.6 133.1 134.5 135.8 137.0
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Table 30: Scenario 3 Cheese and Butter Markets Absolute Changes  
 
 
 
 
 
 
 
 
 
 
 
Absolute Change
US
Cheese 2020 2021 2022 2023 2024 2025
Production 10.45 21.45 31.78 38.87 41.88 43.39
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption -5.11 -6.53 -7.14 -6.36 -4.64 -4.09
Exports 15.71 26.95 37.72 44.07 45.65 47.11
Stocks -0.14 0.89 2.09 3.25 4.12 4.49
Butter
Production 0.69 1.58 2.57 4.00 4.72 5.20
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption 0.43 0.88 1.28 1.33 1.37 1.34
Exports 0.10 0.52 1.13 2.53 3.28 3.83
Stocks 0.16 0.34 0.51 0.64 0.71 0.74
EU
Cheese
Production -1.13 6.26 6.08 4.26 2.23 0.63
Imports -0.05 -0.08 -0.07 -0.06 -0.05 -0.05
Consumption -5.79 -1.85 -1.45 -1.89 -2.85 -4.08
Exports 5.00 7.87 7.41 6.08 5.05 4.71
Stocks -0.39 -0.23 -0.17 -0.17 -0.20 -0.25
Butter
Production 6.35 4.63 4.08 3.52 3.22 3.20
Imports 0.00 0.00 0.00 0.00 0.00 0.00
Consumption -3.85 1.11 1.02 0.86 0.91 1.15
Exports 10.23 2.95 2.82 2.59 2.32 2.11
Stocks -0.04 0.53 0.76 0.83 0.82 0.77
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Table 31: Scenario 3 Cheese and Butter Markets Percentage Changes 
 
 
 
 
 
 
Percentage Change
UK Cheese 2020 2021 2022 2023 2024 2025
Production 6.0% 10.5% 12.3% 12.9% 13.3% 13.9%
Imports -27.2% -23.6% -22.1% -22.2% -22.3% -22.1%
From the EU -40.6% -45.4% -50.9% -53.3% -53.7% -53.9%
From the US
From the ROW 131.2% 168.5% 174.8% 116.2% 116.3% 116.5%
Consumption -2.4% -2.6% -2.6% -2.6% -2.6% -2.8%
Exports -41.5% -29.5% -24.5% -25.7% -26.1% -23.7%
Stocks -3.3% -3.3% -3.3% -3.3% -3.3% -3.5%
Butter Production 5.2% 6.4% 6.8% 6.7% 6.3% 6.1%
Imports -22.7% -24.3% -21.9% -14.2% -12.4% -10.7%
From the EU -40.5% -45.1% -44.5% -41.1% -40.9% -40.7%
From the US
From the ROW 482.2% 584.7% 612.5% 608.1% 596.3% 593.5%
Consumption -4.0% -3.6% -3.4% -3.2% -2.7% -2.2%
Exports -16.7% -21.2% -16.8% -1.3% -0.4% 0.4%
Stocks -25.7% -20.7% -19.2% -17.2% -14.1% -11.1%
US Cheese Production 0.2% 0.4% 0.5% 0.6% 0.7% 0.7%
Imports 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Consumption -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
Exports 4.7% 7.9% 10.8% 12.5% 12.8% 13.1%
Stocks 0.0% 0.2% 0.4% 0.5% 0.7% 0.7%
Butter Production 0.1% 0.2% 0.3% 0.4% 0.5% 0.5%
Imports 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Consumption 0.0% 0.1% 0.1% 0.1% 0.1% 0.1%
Exports 0.4% 1.8% 3.6% 7.7% 9.4% 10.4%
Stocks 0.2% 0.5% 0.7% 0.8% 0.9% 0.9%
EU Cheese Production 0.0% 0.1% 0.1% 0.0% 0.0% 0.0%
Imports -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
Consumption -0.1% 0.0% 0.0% 0.0% 0.0% 0.0%
Exports 0.6% 1.1% 1.0% 0.9% 0.8% 0.8%
Stocks -0.1% 0.0% 0.0% 0.0% 0.0% -0.1%
Butter Production 0.3% 0.2% 0.2% 0.1% 0.1% 0.1%
Imports 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Consumption -0.2% 0.0% 0.0% 0.0% 0.0% 0.1%
Exports 4.5% 1.3% 1.3% 1.2% 1.1% 1.0%
Stocks 0.0% 0.4% 0.6% 0.6% 0.6% 0.6%
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